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Wklv sdshu dqdo|vhv wkh ghwhuplqdqwv ri idfwru ghpdqg iru 5: zhvw Jhupdq
pdqxidfwxulqj lqgxvwulhv1 Vl{ surgxfwlrq idfwruv duh glvwlqjxlvkhg= fdslwdo/ hq0
huj|/ wkuhh w|shv ri oderxu dqg qrq0hqhuj| pdwhuldov1 Wkh gl￿huhqw ghwhuplqdqwv
duh idfwru vxevwlwxwlrq dqg sulfh vhqvlwlylw| ri wkh gl￿huhqw oderxu lqsxwv/ wkh
lpsdfw ri rxwsxw jurzwk dqg wkh wlph h￿hfw1 Dprqj wkhvh idfwruv/ nqrzohgjh
ri sulfh dqg furvv hodvwlflwlhv duh lpsruwdqw iru srolf| pdnhuv1 Zkhq frqvlghulqj
srolflhv wr ￿jkw djdlqvw kljk xqhpsor|phqw ri xqvnloohg oderxu e| zdjh vxevl0
glhv/ wkh hodvwlflwlhv ri vxevwlwxwlrq ehwzhhq gl￿huhqw w|shv ri oderxu dv zhoo dv
rzq0sulfh hodvwlflwlhv iru gl￿huhqw vnloo jurxs duh ri lqwhuhvw1
Wkh uhvxowv vkrz wkdw sulfh hodvwlflwlhv gr qrw dsshdu vhqvlwlyh wr lpsrvlqj
wkhruhwlfdo uhvwulfwlrqv lpsolhg e| rswlplvlqj ehkdylrxu1 Wkh pdlq uhvxow lv wkh
vwurqj vxevwlwxwdelolw| uhodwlrqvkls ehwzhhq xqvnloohg zrunhuv dqg zrunhuv kdy0
lqj d ghjuhh iurp wkh yrfdwlrqdo v|vwhp1 Ixuwkhupruh/ xqvnloohg oderxu whqgv
wr eh frqvlghudeo| pruh uhvsrqvlyh wr zdjh0udwh fkdqjhv frpsduhg wr wkh xs0
shu vnloo ohyhov1 Rxu uhvxowv vkrz wkdw wkh vxevwlwxwdelolw| uhodwlrqvkls ehwzhhq
gl￿huhqw w|shv ri oderxu zlwk hqhuj| ru pdwhuldov lv lqvljql￿fdqw/ h{fhsw iru wkh
frpsohphqwdulw| uhodwlrqvkls ehwzhhq hqhuj| dqg xqvnloohg oderxu1 Wklv vxj0
jhvwv/ wkdw wkh hqhuj| sulfh vkrfn dqg ghfolqlqj pdwhuldo sulfhv lq wkh 4<;3v duh
xqdeoh wr h{sodlq wkh gl￿huhqfh lq wkh vxevhtxhqw hpsor|phqw fkdqjhv ri wkh
wkuhh w|shv ri oderxu1 Frqfhuqlqj wkh vxevwlwxwlrq sdwwhuq dprqj qrq0oderxu lq0
sxwv/ zh irxqg rq wkh rqh kdqg vxevwlwxwdelolw| ehwzhhq hqhuj| dqg fdslwdo/ dqg
rq wkh rwkhu ehwzhhq hqhuj| dqg qrq0hqhuj| pdwhuldov1 Khqfh/ udlvlqj hqhuj|
sulfhv zloo udwkhu vwlpxodwh fdslwdo lqyhvwphqw1
Xvlqj ghfrpsrvlwlrq dqdo|vhv/ wkh uhodwlyh lpsruwdqfh ri sulfh0/ rxwsxw0 dqg
wlph h￿hfwv zhuh h{dplqhg1 Ri wkh wkuhh idfwruv/ wkh rxwsxw h￿hfw lv wkh prvw
lpsruwdqw lq h{sodlqlqj wkh jurzwk ri wkh wkuhh gl￿huhqw w|shv ri oderxu1Fxuydwxuh Frqglwlrqv
dqg Vxevwlwxwlrq Sdwwhuq
dprqj Fdslwdo/ Hqhuj|/ Pdwhuldov
dqg Khwhurjhqhrxv Oderxu|
Pduwlq Idon￿ dqg Ehuwudqg Nrheho￿￿
Devwudfw1 Wklv vwxg| ghdov zlwk wkh ghwhuplqdqwv ri idfwru ghpdqg lq 5:
lqgxvwulhv ri wkh pdqxidfwxulqj vhfwru gxulqj wkh shulrg 4<:; wr 4<<31 Xvlqj
d txdgudwlf frvw ixqfwlrq/ vl{ surgxfwlrq idfwruv duh glvwlqjxlvkhg= fdslwdo/
hqhuj|/ wkuhh w|shv ri oderxu dqg lqwhuphgldwh pdwhuldov1 D sdudphwulf whvw
ri wkh frqfdylw| ri wkh frvw ixqfwlrq lq sulfhv lv surylghg dqg sulfh hodvwlflwlhv
duh frpsduhg zkhq fxuydwxuh frqglwlrqv duh lpsrvhg ru qrw1 Wkh uhvxowv
vkrz/ ￿uvwo|/ wkdwlq jhqhudo hvwlpdwhv gr qrw dsshdu yhu| vhqvlwlyh wr lpsrvlqj
wkhruhwlfdo uhvwulfwlrqv lpsolhg e| rswlplvlqj ehkdylrxu1 Vhfrqgo|/ ghpdqg
iru xqvnloohg oderxu lv uhodwlyho| hodvwlf wr zdjh lqfuhdvhv frpsduhg wr wkh
kljkhu vnloo ohyhov1 Wklug/ wkh vxevwlwxwdelolw| lv vwurqjhu ehwzhhq xqvnloohg
dqg phglxp vnloohg oderxu wkdq dq| rwkhu sdluv ri lqsxwv1
Nh|zrugv= fxuydwxuh frqglwlrqv/ hodvwlflwlhv ri vxevwlwxwlrq/ vnloo vwuxfwxuh1
MHO0Fodvvl￿fdwlrq= H56/ M54/ M641
_ Dq hduolhu yhuvlrq ri wkh sdshu zdv suhvhqwhg dw wkh FHSU2]HZ2GIJ frqihuhqfh lq Pdqq0
khlp/ dw wkh HHD lq Ehuolq 4<<; dqg dw wkh Yhuhlq i u Vrfldosrolwln lq Urvwrfn/ 4<<;1 Zh
wkdqn Ulfkdug Eoxqghoo/ Ehuqg Ilw}hqehujhu/ Mrdfklp Pøoohu/ IudqŒrlv Odlvqh|/ Jhruj Olfkw/
Mdftxhv Pdluhvvh dqg Zlqiulhg Srkophlhu iru khosixo frpphqwv rq dq hduolhu gudiw1 Zh dovr
dfnqrzohgjh wkh lqydoxdeoh uhvhdufk dvvlvwdqfh surylghg e| Ioruldq Khlvv1 Zh duh dovr judwhixo
wr Khqulnh Nrvfkho dqg Vwhidq Yøjhoh iru gdwd0uhodwhg khos1 Wkh ￿uvw dxwkru dfnqrzohgjhv ￿0
qdqfldo vxssruw iurp wkh Jhupdq Vflhqfh Irxqgdwlrq lq wkh surjudpph cLqgxvwuldo Hfrqrplfv
dqg Lqsxw Pdunhwv*1
W Fhqwuh iru Hxurshdq Hfrqrplf Uhvhdufk +]HZ,/ S1R Er{ 436776/ G09;367 Pdqqkhlp/ h0
pdlo= idonC}hz1gh1
WW Rwwr0yrq0Jxhulfnh Xqlyhuvlw|/ S1R1 Er{ 7453/ G06<349 Pdjghexuj/ h0pdlo= nrhehoCzz1xql0
pdjghexuj1gh141 Lqwurgxfwlrq
Lq wklv sdshu d txdgudwlf frvw ixqfwlrq lv xvhg wr hvwlpdwh sulfh/ rxwsxw dqg wlph
hodvwlflwlhv iru d v|vwhp ri vl{ lqsxw ghpdqg ixqfwlrqv1 Wkhuh duh ihz vwxglhv
zklfk kdyh frqvlghuhg gl￿huhqw vnloo fodvvhv ri oderxu dv zhoo dv glvdjjuhjdwhg
pdwhuldov dv glvwlqfw lqsxw ri wkh surgxfwlrq surfhvv1 Krzhyhu/ rqo| xqghu uh0
vwulfwlyh frqglwlrqv rq wkh whfkqrorj| dqg rq wkh hyroxwlrq ri sulfhv/ fdq wkh
gl￿huhqw oderxu dqg pdwhuldo lqsxwv eh frpelqhg lqwr vlqjoh djjuhjdwh phdvxuhv1
Ehvlghv/ zkhq frqvlghulqj srolflhv wr ￿jkw djdlqvw kljk xqhpsor|phqw ri xq0
vnloohg oderxu +e| iru h{dpsoh zdjh vxevlglhv,/ wkh hodvwlflwlhv ri vxevwlwxwlrq
ehwzhhq gl￿huhqw w|shv ri oderxu/ dv zhoo dv rzq0sulfh hodvwlflwlhv iru gl￿huhqw
vnloo jurxsv duh ri lqwhuhvw1 Wklv lqirupdwlrq lv w|slfdoo| qrw dydlodeoh zkhq rqo|
djjuhjdwh lqsxwv duh frqvlghuhg1 Wkhuhiruh/ zh frqvlghu wkh zdjhv ri gl￿huhqw
w|shv ri oderxu/ wkh sulfhv ri hqhuj|/ pdwhuldo/ fdslwdo/ wkh ohyho ri rxwsxw dqg
wkh lpsdfw ri wlph iru h{sodlqlqj wkh hyroxwlrq ri gl￿huhqw lqsxw ghpdqgv1
Wkh revhuyhg vkliw lq ghpdqg dzd| iurp xqvnloohg oderxu lv zlgho| grfx0
phqwhg lq wkh hfrqrplf olwhudwxuh1 Rqh h{sodqdwlrq lv wkdw whfkqrorjlfdo fkdqjh
lv vnloo oderxu dxjphqwlqj +Ehupdq/ Erxqg dqg Julolfkhv/ 4<<7, dqg wkdw kljkhu
vnloo oderxu lv pruh frpsohphqwdu| wr htxlsphqw lqyhvwphqw wkdq orzhu vnloohg
oderxu1 Dqrwkhu uhdvrq iru wkh vkliw lq wkh hpsor|phqw frpsrvlwlrq lv wkdw
hpsor|phqw fkdqjhv lq uhvsrqvh wr h{rjhqrxv vkliwv lq zdjhv dqg rxwsxw gh0
shqg rq wkh ghjuhh ri vnloo +h1j1/ Ehujvwuøp dqg Sdqdv 4<<5/ Ehwwv 4<<:/ Qlvvlp
4<;7,1 Erwk h￿hfwv duh vlpxowdqhrxvo| lqyhvwljdwhg khuh1 Prvw hpslulfdo vwxg0
lhv lq surgxfwlrq dqdo|vlv duh edvhg rq  h{leoh ixqfwlrqv wkdw kdyh wr vdwlvi|
vrph fxuydwxuh frqglwlrqv/ exw rqo| ihz vwxglhv whvw wkhvh uhvwulfwlrqv1 Nrggh
dqg Sdop +4<;:,/ K￿ugoh/ Kloghqeudqg dqg Mhulvrq +4<<4, duh qrwdeoh h{fhs0
wlrqv lq wkh frqvxphu frqwh{w1 Dq ruljlqdolw| ri wklv sdshu lv wkdw zh suhvhqw
d sdudphwulf whvw ri wkh frqfdylw| ri wkh frvw ixqfwlrq lq sulfhv1 Ixuwkhupruh/
sulfh hodvwlflwlhv duh frpsduhg zkhq fxuydwxuh frqglwlrqv duh lpsrvhg ru qrw1
Wkh idfwru ghpdqg v|vwhp lv hvwlpdwhg iru 5: Jhupdq pdqxidfwxulqj lqgxvwulhv
iurp wkh shulrg 4<:; wr 4<<31 Wkh vnloo fdwhjrulhv duh edvhg rq wkh kljkhvw iru0
pdo txdol￿fdwlrq uhfhlyhg= zrunhuv zlwkrxw dq| irupdo yrfdwlrqdo fhuwl￿fdwh duh
4fdwhjrulvhg dv orz0vnloohg ru xqvnloohg> zrunhuv zlwk d fhuwl￿fdwh iurp wkh gxdo
yrfdwlrqdo wudlqlqj v|vwhp/ zkr kdyh dwwdlqhg hlwkhu xqlyhuvlw| ohyho hqwudqfh
ghjuhh +￿Delwxu￿, ru yrfdwlrqdo vfkrro ghjuhh/ duh fdwhjrulvhg dv phglxp0vnloohg
ru vnloohg> dqg ￿qdoo|/ zrunhuv zlwk d xqlyhuvlw| ru whfkqlfdo xqlyhuvlw| ghjuhh
duh fdwhjrulvhg dv kljk0vnloohg zrunhuv1
Rxu uhvhdufk h{sdqgv wkh zrun wkdw kdv ehhq fduulhg rxw vr idu1 Iluvw/ vnloo
fdwhjrulhv duh gh￿qhg rq wkh edvlv ri wkh kljkhvw irupdo txdol￿fdwlrq uhfhlyhg/
lqvwhdg ri wkh fdwhjrulhv eoxh dqg zklwh0froodu +vhh Nxjohu hw do1 4<;</ iru Jhu0
pdq|,14 Vhfrqg/ rxu prgho dovr h{solflwo| lqfoxghv pdwhuldov dqg hqhuj| dv d
idfwru ri surgxfwlrq +frqwudu| wr/ iru h{dpsoh Ilw}hqehujhu dqg Iudq}/ 4<<;/ dqg
Nxjohu hw do1/ 4<;<,1 Wkh lqfoxvlrq ri pdwhuldov dqg hqhuj| dv surgxfwlrq idf0
wruv grhv qrw rqo| shuplw wr dyrlg vshfl￿fdwlrq eldv +vhh h1j1 Edvx dqg Ihuqdog/
4<<:,/ exw lv dovr lqwhuhvwlqj lq lwvhoi1 Nqrzohgjh ri wkh vxevwlwxwlrq hodvwlflw|
ehwzhhq hqhuj| dqg oderxu lv hvvhqwldo lq hydoxdwlqj wkh lpsdfw ri udlvlqj hqhuj|
wd{hv rq wkh ghpdqg iru oderxu1 Iru krprjhqhrxv oderxu/ wkh olwhudwxuh odujho|
djuhhv rq wkh vxevwlwxwdelolw| ehwzhhq oderxu dqg hqhuj|1 Krzhyhu/ prvw vwxglhv
vxppdulvhg e| Kdphuphvk +4<<6, uhsruw rqo| vpdoo hqhuj|0oderxu hodvwlflwlhv
ri vxevwlwxwlrq1 Iru oderxu glvdjjuhjdwhg e| gl￿huhqw w|shv ri vnloov/ lqirupd0
wlrq derxw wkh vxevwlwxwlrq hodvwlflwlhv dprqj khwhurjhqrxv oderxu dqg hqhuj|
vhhpv qrw wr eh dydlodeoh1 Ixuwkhupruh/ lq frqwudvw wr pdq| vwxglhv rq wklv vxe0
mhfw/ zh gr qrw dvvxph uhvwulfwlyh dvvxpswlrqv rq wkh whfkqrorj| zlwk uhvshfw wr
vhsdudelolw|/ uhwxuq wr vfdoh dqg wkh lpsdfw ri whfkqrorjlfdo fkdqjh15
Wkh qh{w vhfwlrq gholqhdwhv wkh hfrqrphwulf prgho ri idfwru ghpdqg/ wkh sulfh
frqfdylw| whvw dqg djjuhjdwlrq ri hodvwlflwlhv1 Vhfwlrq 6 ghvfulehv wkh gdwd1 Wkh
hpslulfdo uhvxowv duh frqwdlqhg lq Vhfwlrq 71 Vhfwlrq 8 frqfoxghv1
￿ Wkh vwxg| ri Ilw}hqehujhu dqg Iudq} +4<<;, lv dovr edvhg rq wkuhh w|shv ri txdol￿fdwlrq1
2 Wkh vwxglhv ri h1j1 Ilw}ur| dqg Ixqnh +4<<8, ru Nxjohu hw do1 +4<;<, duh edvhg rq vxfk
dvvxpswlrqv1
551 Wkh prghoolqj iudphzrun
514 Frvw dqg ghpdqg ixqfwlrqv
Wkh prvw zlgho| xvhg phwkrg iru hvwlpdwlqj pxowlidfwru ghpdqgv lv wr ￿w wkh
idfwru ghpdqg htxdwlrqv ghulyhg iurp wkh frvw ixqfwlrq e| Vkhskdug*v ohppd1
Wkh wudqvorj dqg jhqhudolvhg Ohrqwlhi ixqfwlrqv kdyh ehhq dssolhg h{whqvlyho|
lq hvwlpdwlqj sulfh hodvwlflwlhv/ exw gr qrw riwhq vdwlvi| wkh frqfdylw| lq sulfhv1
Zh vwduw gluhfwo| zlwk d ixqfwlrqdo irup zklfk fdq eh frqvwudlqhg hdvlo| lq wklv
















zkhuh wkh vxevfulswv | dqg ? ghqrwh wlph dqg lqgxvwu|/ uhvshfwlyho|1 Wkh whfk0
qrorjlfdo sdudphwhuv wr eh hvwlpdwhg duh jdwkhuhg lq wkh yhfwru kq￿ Jlyhq wkh
gdwd dydlodeoh/ zh gh￿qh wkh yhfwru ri lqsxwv dv %qw ’E eqwc￿ qwc& qwc6 qwcr qwc￿ qw￿
3
dqg wkh sulfhv dv Rqw ’E RhqwcR kqwcR nqwcR pqwcR vqwcR xqw￿
3c zkhuh wkh oderxu lqsxw
￿qw ghqrwhv kljk0vnloo oderxu/ rqw ghqrwhv phglxp0vnloo oderxu dqg ￿qw orz0vnloo
ru xqvnloohg zrunhuv1 Oderxu lv phdvxuhg lq wrwdo zrunhuv +ixoo0wlph htxlydohqw,1
Lq dgglwlrq/ eqw ghqrwhv hqhuj|/ 6qw pdwhuldo dqg &qw fdslwdo1 Wkh qhw fdslwdo
vwrfn lv dvvxphg wr eh yduldeoh1 Rwkhu h{sodqdwru| yduldeohv hqwhulqj wkh frvw
ixqfwlrq duh wkh ohyho ri surgxfwlrq +qw dqg d wlph wuhqg | ghqrwlqj lpsdfw ri
whfkqrorjlfdo fkdqjh1 Wkhvh yduldeohv duh uhjurxshg lq d yhfwru 5qw ’E +qwc|￿
31
Wkh pdwulfhv ri sdudphwhuv wr eh hvwlpdwhg/ ￿sq ’d ksqo/ ￿ss ’ ￿3
ss ’d ksso/
￿s} ’d ks}o dqg ￿}} ’d k}}o/ duh ri vl}h S￿￿/ S￿S/ S￿2 dqg 2￿2c uhvshfwlyho|1
Wkh whup w3
qRqw dsshdulqj lq htxdwlrq +514, lv lqwurgxfhg wr jxdudqwhh wkdw wkh
frvw ixqfwlrq lv olqhduo| krprjhqhrxv lq sulfhv1 Wkh yhfwru wqc ri vl}h ri S ￿ ￿c
lv fkrvhq wr eh htxdo wr %q4*Sq4 vr wkdw w3
qRqw fruuhvsrqgv wr d Odvsh|uhv sulfh
lqgh{ iru wrwdo frvwv/ qrupdolvhg wr c4* lq wkh edvlv shulrg iru zklfk | ’￿ 1D v
xqghuolqhg e| Glhzhuw dqg Zdohv +4<;:,/ wklv duelwudu| fkrlfh ri wq grhv qrw
￿ Uhfhqw dssolfdwlrqv ri wkh qrupdolvhg txdgudwlf frvw ixqfwlrq fdq eh irxqg lq Gudshu dqg
Pdqghuv +4<<9, dqg Jdjqh dqg Rxhoohwh +4<<;,1
6d￿hfw wkh  h{lelolw| surshuwlhv ri wkh frvw ixqfwlrq1 Lq dgglwlrq wr olqhdu sulfh
krprjhqhlw|/ wkh sulfh v|pphwu| surshuw| lv gluhfwo| lpsrvhg rq htxdwlrq +514,1
















Ixuwkhupruh/ iru lghqwl￿fdwlrq sxusrvhv/ zh gluhfwo| lpsrvh wkh iroorzlqj 9 dg0
glwlrqdo htxdolw| frqvwudlqwv rq wkh pdwulfhv ￿ss=
￿3￿ss ’f c +515,
zkhuh ￿ ’E ￿ c￿￿￿c￿￿
3￿ Glhzhuw dqg Zdohv +4<;:, vkrz wkdw wkh sulfh frqfdylw|
surshuw| ri wkh frvw ixqfwlrq lv htxlydohqw wr wkh qhjdwlyh vhpl0gh￿qlwhqhvv ri
￿ss￿ Rqh dgydqwdjh ri uhwdlqlqj d txdgudwlf frvw ixqfwlrq lv wkdw ghvslwh wkhvh
uhvwulfwlrqv/ wkh irup ri htxdwlrq +514, uhpdlqv  h{leoh/ l1h1 lw fdq vwloo surylgh d
orfdo dssur{lpdwlrq iru dq duelwudu| frvw ixqfwlrq dv zhoo dv lwv ￿uvw dqg vhfrqg
rughu ghulydwlyhv1 Lq wkh hpslulfdo sduw ri wkh sdshu/ wzr prghov duh xvhg/ rqh
edvhg rq wkh frqfdylw| xquhvwulfwhg frvw ixqfwlrq dqg wkh rwkhu pdnlqj xvh ri
wkh frqfdylw| uhvwulfwhg frvw ixqfwlrq1 Zh lqfrusrudwh wkh frqfdylw| frqglwlrqv
e| lpsrvlqj d sdudphwhu uhvwulfwlrq wkurxjk d Fkrohvn| ghfrpsrvlwlrq ri wkh
pdwul{ ￿ss +iru ghwdlov vhh Glhzhuw dqg Zdohv 4<;:,1
Wklv v|vwhp ri vl{ lqsxw ghpdqgv glylghg e| wkh rxwsxw ohyho/ wr zklfk d
uhvlgxdo yhfwru Dqw lv dgghg/ lv xvhg iru hvwlpdwlqj wkh sdudphwhu yhfwru kq=
%qw*+qw ’ %￿ ERqwc+ qwc|(kq￿*+qw n Dqw￿ +516,
515 Sulfh Frqfdylw| Whvw
Dv glvfxvvhg e| Glhzhuw dqg Zdohv +4<;:,/ wkh vljqdwxuh ri wkh vlqjxodu pd0
wul{ ￿ss lv lghqwlfdo wr wkh vljqdwxuh ri wkh Khvvldq ri wkh frvw ixqfwlrq zlwk
uhvshfw wr sulfhv1 Vlqfh wkh pdwul{ ￿ss lv v|pphwulf dqg kdv dw prvw udqn D
+vlqfh +515, krogv,/ rqo| ￿D sdudphwhuv ri ￿ss fdq ydu| iuhho|1 Ohw @ss eh wkh
yhfwru frqwdlqlqj wkhvh iuhh sdudphwhuv dqg lss eh wkh fruuhvsrqglqj fryduldqfh
7pdwul{ +frqvwuxfwhg iurp wkh fryduldqfh pdwul{ l ri kq,1 Wkh fruuhvsrqglqj
xquhvwulfwhg hvwlpdwhv duh uhvshfwlyho| e @ss dqg e lss1 Iru whvwlqj qhjdwlyh vhpl0
gh￿qlwhqhvv ri wkh hvwlpdwhg pdwul{ e ￿ss zh dgdsw wkh whvw sursrvhg e| K￿ugoh/
Kloghqeudqg dqg Mhulvrq +4<<4,1 Wkh qxoo0k|srwkhvlv ri wklv whvw lv wkdw wkh
kljkhvw qrq0}hur hljhqydoxh e bpd{ ri e ￿ss lv ohvv wkdq }hur1 Li e bpd{ lv irxqg wr eh
vljql￿fdqwo| srvlwlyh/ wkh qhjdwlyh vhplgh￿qlwhvv ri e ￿ss lv uhmhfwhg1 Ohw b3
pd{ eh
wkh wuxh ydoxh ri wkh kljkhvw hljhqydoxh ri wkh pdwul{ ￿ss￿ Wkhq dv|pswrwlfdoo|




















Wklv glvwulexwlrq zloo eh xvhg iru whvwlqj wkh vljq ri wkh kljkhvw hljhqydoxh1
Wklv whvw kdv wkh dgydqwdjh ri qrw uhtxlulqj wr xvh txdgudwlf surjudpplqj whfk0
qltxhv iru ghulylqj wkh uhvwulfwhg hljhqydoxhv1 Wkh h{suhvvlrq ri Ybpd{*Y@3
ss pd|
eh rewdlqhg iurp wkh vshfwudo ghfrpsrvlwlrq ri ￿ss jlyhq e| ￿ss^m ’ bm^m dqg
wkhuhe| ^3
m￿ss^m ’ bmc zkhuh ^m lv wkh hljhqyhfwru dvvrfldwhg wr wkh hljhqydoxh bm￿
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5c ;& : ￿c ￿ ’￿ c￿￿￿cS￿
Wkh hljhqyhfwru dvvrfldwhg wr b9 ’flv sursruwlrqdo wr ￿ ’E ￿ c￿￿￿c￿￿
3 dqg
wkhuhiruh Yb9*Y@kn ’f ￿
516 Hodvwlflwlhv djjuhjdwhg dfurvv lqgxvwulhv
Lq wkh hpslulfdo sduw ri wkh sdshu rzq0sulfh dqg furvv0sulfh hodvwlflwlhv duh fdo0
fxodwhg wrjhwkhu zlwk wkh rxwsxw hodvwlflw| ri lqsxw ghpdqg dqg lpsdfwv ri qrq0
qhxwudo whfkqrorjlfdo fkdqjh1 Zh hvwlpdwh wkh v|vwhp ri idfwru ghpdqgv xvlqj d
e Wkh iroorzlqj frqyhqwlrq lv dgrswhg= iru ￿ ’￿ c wkh whup
S￿3￿





&’￿n￿ @￿&^￿￿^￿& dovr ydqlvkhv1
8vpdoo sdqho ri pdqxidfwxulqj lqgxvwulhv1 Vlqfh zh duh lqwhuhvwhg lq wkh djjuhjdwh
lpsdfw ri idfwru sulfh fkdqjhv rq lqsxw ghpdqg/ zh rqo| fdofxodwh djjuhjdwh
hodvwlflwlhv1 Ehvlghv/ lw zrxog eh lpsrvvleoh wr suhvhqw pruh wkdq 83 hodvwlflwlhv
iru hdfk ri wkh 5: lqgxvwulhv1 Pruhryhu/ vlqfh zh gr qrw doorz iru khwhurjhqhlw| lq
vorshv/ lw lv qrw phdqlqjixo wr fdofxodwh hodvwlflwlhv dw wkh glvdjjuhjdwh ohyho1 Wkh






zkhuh wkh djjuhjdwh idfwru ghpdqg lv U￿ ’
SQ
q@4 ￿￿
q zlwk U ’ .c Mc gc ￿c 7c
L dqg ￿ ’ ec ￿c &c 6c rc ￿ uhvshfwlyho|1 Djjuhjdwh rxwsxw lv e| gh￿qlwlrq tw ’
SQ
q@4 +qw1 Lq rughu wr fdofxodwh wkh h{suhvvlrq +517,/ zh dvvxph wkdw wkh ohyho ri
surgxfwlrq +qw ri hdfk lqgxvwu| ghshqgv rq wkh djjuhjdwh ohyho ri surgxfwlrq tw1
Lq idfw/ wklv ghshqgdqfh lv qrw ghwhuplqlvwlf/ exw fdq eh wkrxjk wr eh vwrfkdvwlf>






































Zh dvvxph wkdw rxwsxw vkduhv ri hdfk lqgxvwu| uhpdlq frqvwdqw zkhq djjuhjdwh
















Iru whvwlqj wkh k|srwkhvlv +518,/ wkh iroorzlqj htxdwlrq lv hvwlpdwhg iru hdfk
lqgxvwu|=
+qw*tw ’ kq*tw n qq n #qw￿
9Wkh k|srwkhvlv kq ’ f lv uhmhfwhg lq 43 rxw ri 5: pdqxidfwxulqj lqgxvwulhv1 Hyhq
ehlqj zhdno| uhmhfwhg/ wkh dvvxpswlrq +518, lv qrw d qrqvhqvh1 Lqghhg/ hodvwlflwlhv
duh xvxdoo| frpsxwhg xqghu d fhwhulv sdulexv dvvxpswlrq1 Iru h{dpsoh/ zh vwxg|
wkh lpsdfw ri zdjh fkdqjh iru jlyhq ohyhov ri wkh rwkhu yduldeohv/ hyhq li lq idfw
doo yduldeohv duh vkliwhg vlpxowdqhrxvo|1 Dgdswlqj wkh fhwhulv sdulexv uhdvrqlqj
wr rxu djjuhjdwlrq sureohp ri hodvwlflwlhv/ lw frphv wr wkh vdph dv wr vwxg| wkh











Ri frxuvh/ djjuhjdwh hodvwlflwlhv fdq dovr eh fdofxodwhg rq wkh edvlv ri dq| rwkhu
dvvxpswlrq iru Yh +q*Ytw￿
517 Hodvwlflwlhv djjuhjdwhg dfurvv oderxu lqsxwv
Lqvwhdg ri djjuhjdwlqj dfurvv lqgxvwulhv/ zh zloo qrz frqvlghu djjuhjdwlrq dfurvv
wkh gl￿huhqw oderxu lqsxwv lq rughu wr ghulyh frpsdudwlyh vwdwlf phdvxuhv iru






ghulydwlrq ri wkh djjuhjdwh hodvwlflwlhv lv suhvhqwhg h{solflwo| iru wkh hodvwlflw| ri
oderxu zlwk uhvshfw wr rxwsxw/ exw wkh uhvxowv fdq gluhfwo| eh dgdswhg iru wkh













































Wkh ghulydwlrq ri wkh lqsxw hodvwlflwlhv zlwk uhvshfw wr wkh djjuhjdwh zdjh ROw
lv d olwwoh pruh lqyroyhg1 Ohw xv frqvlghu wkh djjuhjdwhg ghpdqg iru hqhuj| iru



















Vlqfh zh duh lqwhuhvwhg lq wkh lpsdfw ri d fkdqjh lq ROw iru d jlyhq glvwulexwlrq













































































































Qrwh wkdw hodvwlflwlhv zklfk gr qrw lqyroyh oderxu lqsxwv dqg zdjhv +dv "H\
dqg "PSN iru h{dpsoh, uhpdlq xqd￿hfwhg e| wkh djjuhjdwlrq dfurvv oderxu lq0
sxwv1 Ixuwkhupruh/ xqghu wkh dvvxpswlrqv +518, dqg +51:, wdnhq iru rxu dj0
juhjdwlrq h{shulphqw/ v|pphwu| dqg olqhdu krprjhqhlw| zloo vwloo krog dw wkh
djjuhjdwh ohyho +ryhu lqgxvwulhv dqg oderxu lqsxwv,1 Wkhuhiruh/ wkh uhvwulfwlrqv
S
M@H>N>O>P "LSM ’ f zloo vwloo krog iru U ’ .cgcuc￿1
61 Gdwd
Wkh gdwd vdpsoh xvhg frqvlvwv ri furvv0vhfwlrq wlph vhulhv rq 5: Jhupdq lqgxv0
wulhv iru wkh shulrg 4<:;0<31 Ehfdxvh hqhuj| h{shqglwxuhv dqg txdqwlwlhv duh
edvhg rq lqsxw0rxwsxw wdeohv dydlodeoh iurp 4<:; rqzdugv dqg zdjh gdwd iru
gl￿huhqw w|shv ri vnloov duh rqo| dydlodeoh iru wkh shulrg 4<:8 wr 4<<3/ zh duh
;xqdeoh wr xvh pruh uhfhqw gdwd1 Wkh ghulydwlrq ri idfwru sulfhv dqg txdqwlwlhv lv
ixoo| ghvfulehg lq wkh Dsshqgl{1 D eulhi vxppdu| zloo vx!fh khuh1 Gdwd lq wklv
vwxg| frph iurp gl￿huhqw vrxufhv1
Rxu phwkrg frqvlvwv ri pdwfklqj hduqlqjv e| vhfwru dqg vnloo jurxs zlwk hp0
sor|phqw gdwd1 Oderxu frvwv shu zrunhu duh fdofxodwhg ￿uvw1 Wkhq zrunhuv e|
gl￿huhqw w|shv ri vnloov duh wudqviruphg wr ixoo0wlph htxlydohqwv +vhh Dsshqgl{
D,1 Ilqdoo|/ txdqwlw| lqglfhv duh ghulyhg e| glylglqj wrwdo h{shqglwxuhv e| wkhlu
uhvshfwlyh oderxu frvw lqglfhv1 Lqirupdwlrq rq hduqlqjv duh wdnhq iurp wkh LDEV
iru phglxp dqg xqvnloohg oderxu dqg iurp Ihghudo Vwdwlvwlfdo R!fh +zdjh dqg
vdodu| vwdwlvwlfv, iru kljk0vnloohg oderxu1 Lqirupdwlrq rq hpsor|phqw e| hgxfd0
wlrq lv wdnhq iurp wkh Hpsor|phqw Uhjlvwhu ri wkh Ihghudo Oderxu R!fh +Exq0
ghvdqvwdow i u Duehlw,1 Lw frqwdlqv lqirupdwlrq rq hpsor|phqw e| vnloo fdwhjru|
dqg e| lqgxvwu| dv dw 63 Mxqh iru doo hpsor|hhv sd|lqj vrfldo vhfxulw| frqwulex0
wlrqv iru wkh 4<:804<<9 shulrg1 Oderxu lv glylghg lqwr wkuhh jurxsv= jurxs ￿ lv
gh￿qhg dv zrunhuv zlwk d xqlyhuvlw| ru sro|whfkqlfdo ghjuhh/ jurxs 2 +phglxp
vnloohg ru vhpl0vnloohg, lv pdgh xs ri wkrvh kdylqj frpsohwhg yrfdwlrqdo wudlqlqj
dv zhoo dv whfkqlfldqv dqg iruhphq/ dqg wkh uhpdlqlqj jurxs ￿ frpsulvhv zrunhuv
zlwkrxw irupdo txdol￿fdwlrqv1 Wkh odwwhu jurxs dovr lqfoxghv dssuhqwlfhv1
Gdwd duh froohfwhg iru 64 lqgxvwulhv1 Lq vrph lqgxvwulhv wkh qxpehu ri wrwdo
zrunhuv +uhvshfwlyho| wrwdo oderxu frvwv, uhsruwhg lq wkh Qdwlrqdo Dffrxqwv grhv
qrw h{dfwo| pdwfk wrwdo zrunhuv sd|lqj vrfldo vhfxulw| frqwulexwlrqv +vhh Wdeoh
D4 lq Dsshqgl{,1 Vlqfh lq vrph lqgxvwulhv rxwsxw dqg lqsxw sulfh duh hlwkhu qrw
dydlodeoh ru xquholdeoh/ zh gurs irxu lqgxvwulhv iurp rxu vdpsoh/ ohdylqj xv zlwk
5: lqgxvwulhv1 Lq sduwlfxodu/ wredffr +78,/ uh￿qlqj +48,/ dlufudiw +63, dqg r!fh
pdfklqhu| +5:, duh vhsdudwhg rxw1 Wkh jurvv ydoxh ri surgxfwlrq/ jurvv pdwhuldov
dqg wkh qhw fdslwdo vwrfn duh rewdlqhg iurp qdwlrqdo dffrxqwv +vhh Nrheho 4<<;,1
Lqsxw0rxwsxw wdeohv duh xvhg wr vsolw xs jurvv pdwhuldov lqwr qrq0hqhuj| pdwhuldov
dqg hqhuj| +vhh Dsshqgl{ D,1
Wdeoh 4 suhvhqwv djjuhjdwh frvw vkduhv iru fdslwdo/ hqhuj|/ khwhurjhqhrxv oderxu
dqg lqwhuphgldwh pdwhuldov1 Pdwhuldo h{shqglwxuhv dffrxqwv iru ryhu 93( ri wkh
wrwdo frvwv/ iroorzhg e| phglxp0vnloohg oderxu/ fdslwdo dqg xqvnloohg oderxu1 Wkh
frvw0vkduhv ri kljk0vnloohg oderxu dqg hqhuj| duh idluo| vpdoo1
<Wdeoh 4= Djjuhjdwh frvw vkduhv lq pdqxidfwxulqj 4<:;04<<3 +(,1
.H H￿ He H. bf
kljk0vnloohg ￿￿e￿ ￿D￿ ￿.2 ￿￿2 ￿2
vhpl0vnloohg ￿S￿f￿ D ￿e￿ D ￿2￿ S ￿.￿ S ￿e
xqvnloohg b￿bb ￿￿H ￿DH ￿.. ￿S
fdslwdo .￿￿H ￿H. ￿H. ￿￿H ￿￿
qrq0hqhuj| pdwhuldov S2￿￿S f ￿eS 2 ￿￿S 2 ￿￿S 2 ￿.
hqhuj| ￿￿Se ￿.e ￿.￿ ￿￿￿ ￿f
@ Vrxufh= Ihghudo Oderxu R!fh/ Ihghudo Vwdwlvwlfdo R!fh/
LDE7/ rzq fdofxodwlrqv1
Wdeoh D5 +Dsshqgl{ E, surylghv glvdjjuhjdwhg frvw vkduhv iru fdslwdo/ hqhuj|/
khwhurjhqhrxv oderxu dqg lqwhuphgldwh pdwhuldov kljkoljkwlqj wkh khwhurjhqhlw|
dfurvv lqgxvwulhv1 Wkh frvw vkduh iru qrq0hqhuj| pdwhuldov ydulhv ehwzhhq 6;( lq
fhudplfv wr ::( lq irrg dqg ehyhudjhv1 Frvw vkduhv iru phglxp vnloohg oderxu
ydulhv ehwzhhq :( lq irrg dqg ehyhudjhv dqg 58( lq rswlfdo dqg suhflvlrq lqvwux0
phqwv/ dv zhoo dv sxeolvklqj dqg sulqwlqj1 Wkh judgxdwhv frvw vkduh lv yhu| vpdoo=
lw ydulhv iurp 317( lq irrg dqg ehyhudjhv dqg 4317( lq dlu dqg vsdfh1 Ilqdoo| wkh
hqhuj| frvw vkduh lv udqnhg ehwzhhq 4( lq pdfklqhu| dqg hohfwulfdo htxlsphqw
dqg ;( lq wkh fkhplfdo lqgxvwu|1 Wkh frvw vkduh vxjjhvwv wkdw lqgxvwulhv zklfk
xvh hqhuj| lqwhqvlyho| uhtxluh lqwhqvlyh xvh ri fdslwdo +hqhuj| lqwhqvlyh lqgxvwulhv
kdyh d kljkhu fdslwdo vkduh,1
Iljxuh D4 +vhh Dsshqgl{ E, ghslfwv wkh hyroxwlrq ri txdqwlwlhv dqg sulfhv iru
wkh shulrg 4<:;04<<31 Wdeoh 5 jlyhv wkh fruuhvsrqglqj dyhudjh dqqxdo shufhqw0
djh fkdqjhv lq rxwsxw/ lqsxw ghpdqg dqg qrplqdo sulfhv1 Dv fdq eh vhhq iurp
wklv ￿jxuh/ wkh txdqwlwlhv ri judgxdwhv juhz dw d idvwhu udwh wkdq doo rwkhu lqsxwv1
Zkhuhdv kljk0vnloohg oderxu mxpshg e| dq dyhudjh dqqxdo jurzwk udwh ri 719 shu0
fhqw/ phglxp0vnloohg oderxu juhz dw dq dqqxdo udwh ri 414 shufhqw1 Dv h{shfwhg/
xqvnloohg oderxu ghfuhdvhg vwhdglo| ryhu wlph/ zlwk dq dqqxdo udwh ri 419 shufhqw1
Fdslwdo dffxpxodwlrq lv txlwh prghudwh/ zlwk dq lqfuhdvh ri 413 shufhqw1
Wkh ghfuhdvlqj ghpdqg iru ohvv txdol￿hg oderxu lv pdwfkhg e| uhodwlyho| vwdeoh
zdjhv dfurvv gl￿huhqw w|shv ri oderxu +vhh Iljxuh 4,1 Gxulqj wkh 4<:;04<<3 shulrg
43oderxu frvwv shu zrunhuv lqfuhdvhg e| dq dyhudjh 71: shufhqw iru judgxdwhv/ 716
iru phglxp0vnloohg oderxu dqg 719 iru xqvnloohg oderxu1 Lq frqwudvw/ wkh pdwhuldo
gh dwru lqfuhdvhg e| rqo| 518 shufhqw shu |hdu1 Wkh hqhuj| gh dwru lqfuhdvhg
e| 61; shufhqw1 Vlqfh uhodwlyh sulfhv ehwzhhq gl￿huhqw w|shv ri oderxu dqg rwkhu
lqsxw sulfhv duh udwkhu vlplodu/ lw grhv qrw vhhp olnho| wkdw wkh vxevwlwxwlrq
sdwwhuq frxog h{sodlq d odujh sduw ri wkh fkdqjhv lq wkh oderxu frpsrvlwlrq1
Wdeoh 5= Dqqxdo shufhqwdjh fkdqjhv lq lqsxwv/ rxwsxw/ zdjh dqg sulfhv=d
Txdqwlwlhv M7 L g￿. t
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@ Dyhudjh jurzwk udwh ryhu wkh shulrg 4<:;04<<31 Vrxufh=
Ihghudo Oderxu R!fh/ Ihghudo Vwdwlvwlfdo R!fh/ LDE7/r z q
fdofxodwlrqv1
71 Hpslulfdo uhvxowv
Iru wkh 4<:;04<<3 shulrg/ wkh idfwru ghpdqg htxdwlrqv iru fdslwdo/ hqhuj|/ pdwh0
uldo dqg wkh wkuhh w|shv ri oderxu duh hvwlpdwhg zlwk wkh lwhudwlyh VXU phwkrg/
dvvxplqj wkdw yhfwru Dqw kdv }hur phdq dqg frqvwdqw yduldqfh1
714 Khwhurjhqhlw| ri vorshv
Wr dffrxqw iru vhfwrudo gl￿huhqfhv zh hvwlpdwh lq d ￿uvw vwhs prgho +516, iru vnloo
dqg qrq0vnloo lqwhqvlyh vhfwruv vhsdudwho|1 Iroorzlqj wkh Jhkunh hw do1 +4<<8,
fodvvl￿fdwlrq vfkhph/ zklfk lv edvhg rq wkh sursruwlrq ri vnloohg zrunhuv/ pdqx0
idfwxulqj lqgxvwulhv duh glylghg lqwr d vnloo dqg d qrq0vnloo lqwhqvlyh jurxs18 Dovr/
doo idfwru ghpdqg htxdwlrqv frqwdlq dq lqgxvwu| gxpp|1 Wkh qxoo k|srwkhvlv
wkdw wkh vorshv lq wkh idfwru ghpdqg v|vwhp +516, duh lghqwlfdo dfurvv wkh wzr
vxevdpsohv kdv ehhq whvwhg1 Vlqfh wkh frpsxwhg ydoxh ri wkh fkrz0whvw vwdwlvwlf
ri ￿￿￿f. +zlwk ￿f dqg 2f￿b dv ghjuhhv ri iuhhgrp, kdv d vljql￿fdqfh ohyho ri f￿￿￿S/
D Dffruglqj wr wklv fodvvl￿fdwlrq/ lqgxvwulhv Qr1 47/ 59/ 5;/ 64/ 65/ 66 vkrxog eh frqvlghuhg dv
vnloo0lqwhqvlyh dqg wkh uhpdlqlqj rqhv dv qrq0vnloo lqwhqvlyh1
44wkh qxoo fdqqrw eh uhmhfwhg dw d phdqlqjixo vljql￿fdqfh ohyho1 Iru wklv uhdvrq/
wkh vorshv ri +516, duh dvvxphg wr eh lghqwlfdo dfurvv doo lqgxvwulhv1 Wkxv/ wkh
frqfdylw| xquhvwulfwhg prgho frqwdlqv ￿f iuhh sdudphwhuv soxv 2. ￿ S lqgxvwu|
gxpplhv1 D OU whvw lv dssolhg wr +516, wr whvw iru htxdo lqwhufhswv dfurvv lqgxv0
wulhv1 Wkh frpsxwhg fkl0vtxduhg vwdwlvwlf lv SSeb zklfk ohdgv wr uhmhfwlrq ri wklv
k|srwkhvlv1
715 Frqfdylw| ri wkh frvw ixqfwlrq dqg rzq sulfh
hodvwlflwlhv
Wdeoh 6 suhvhqwv wkh uhvxowv iru wkh sulfh frqfdylw| whvw1 Rqo| rqh hljhqydoxh
rxw ri ￿yh qrq0}hur hljhqydoxhv lv srvlwlyh1 Pruhryhu wkh whvw vxjjhvwv wkdw
wkh srvlwlyhqhvv ri wkh kljkhvw hljhqydoxh lv vljql￿fdqw1 Wkhuhiruh zh uhmhfw wkh
dvvxpswlrq ri sulfh frqfdylw| ri wkh frvw ixqfwlrq1
Wdeoh 6= Whvw iru wkh sulfh frqfdylw| ri wkh frvw ixqfwlrq
doo lqgxvwulhv
Qxpehu ri srvlwlyh Hljhqydoxhv 4
Kljkhvw hljhqydoxhd 3188 +61<8,
@ |0ydoxh lq sduhqwkhvhv1
Wdeoh 7 suhvhqwv rzq0sulfh hodvwlflwlhv ghulyhg iurp erwk frqfdylw| xquhvwulfwhg
dqg uhvwulfwhg prghov1 Wkh frqfdylw| uhvwulfwhg uhvxowv duh rewdlqhg iurp wkh xq0
uhvwulfwhg hvwlpdwhv wkurxjk plqlpxp glvwdqfh/ dv suhvhqwhg lq Nrheho +4<<;,1
Vlqfh wkh yduldwlrqv ryhu wlph duh qrw vxevwdqwldo/ doo sulfh hodvwlflwlhv duh hydox0
dwhg dw 4<<3 ydoxhv1 Wkh fruuhvsrqglqj |0vwdwlvwlf duh edvhg rq Zklwh*v fruuhfwlrq
iru khwhurvfhgdvwlflw| dqg duh jlyhq lq sduhqwkhvhv1
Wkh ￿uvw pdlq uhvxow lv wkdw ghvslwh fxuydwxuh ylrodwlrqv/ rqo| d ihz glvfuhs0
dqflhv fdq eh irxqg ehwzhhq wkh sulfh hodvwlflwlhv ri wkh wzr gl￿huhqw prghov1 Lq
sduwlfxodu/ wkh udqnlqj lq wkh rughu ri wkh devroxwh ydoxhv ri wkh sulfh hodvwlflw|
ri ghpdqg +lq devroxwh ydoxh, lv qrw vhqvlwlyh zlwk uhvshfw wr lpsrvlqj fxuydwxuh
frqglwlrqv1 Iru wkh rzq0sulfh hodvwlflwlhv rewdlqhg iurp wkh xquhvwulfwhg prgho/
e r x wr iw k hS hodvwlflwlhv duh vwdwlvwlfdoo| vljql￿fdqw qhjdwlyh dw d ￿yh shufhqw
ohyho1
45Wdeoh 7= Rzq0sulfh hodvwlflwlhv +dw 4<<3 gdwd,d
frqfdylw| xquhvwulfwhg frqfdylw| uhvwulfwhg
ydoxh vlj1 fdvhv w0vwdw ydoxh vlj1 fdvhv w0vwdw
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"XSX ￿f￿2.S 2. E￿ecf(￿￿c.￿ ￿f￿2.f 2. E￿￿cb(￿￿c.￿
@ Plqlpxp dqg pd{lpxp |0ydoxhv lq sduhqwkhvhv1
Dv fdq eh vhhq lq Wdeoh 7/ xqvnloohg oderxu uhdfwv txlwh uhvsrqvlyho| wr zdjh
udwh fkdqjhv/ zlwk dq hvwlpdwh ri ￿f￿2H￿ Lq frqwudvw/ phglxp0vnloohg oderxu lv
pxfk ohvv uhvsrqvlyh wr zdjhv= lwv rzq0sulfh hodvwlflw| lv htxdo wr ￿f￿fS1W k h
uhpdlqlqj idfwruv duh doo txlwh sulfh lqhodvwlf dqg riwhq lqvljql￿fdqw dw wkh 8
shufhqw ohyho1
Wklv ￿qglqj vxjjhvwv wkdw rzq zdjh ghpdqg hodvwlflwlhv ghfuhdvh zlwk vnloo> d
idfw wkdw lv dovr irxqg e| prvw suhylrxv vwxglhv +vhh Kdphuphvk 4<<6,1 Pruh
uhfhqwo|/ xvlqj djjuhjdwh gdwd iru Iudqfh/ Vqhhvvhqv dqg Vkdgpdq0Phkwd +4<<8,
dovr uhsruw wkdw wkh qhjdwlyh h￿hfwv ri zdjh lqfuhdvhv dsshduv wr eh vkdushu iru
xqvnloohg oderxu wkdq iru vnloohg oderxu1 Wklv uhvxow zdv dovr irxqg e| Ilw}ur|
dqg Ixqnh +4<<;, iru Jhupdq pdqxidfwxulqj lqgxvwulhv1 Krzhyhu/ wkh| hvwlpdwh
d udwkhu kljk ydoxh iru wkh rzq0zdjh hodvwlflw| iru xqvnloohg oderxu ri ￿￿￿ff1
716 Furvv0sulfh hodvwlflwlhv
Wr phdvxuh idfwru vxevwlwxwlrq srvvlelolwlhv/ zh frpsxwh furvv0sulfh hodvwlflwlhv
iru wkh xquhvwulfwhg +Wdeoh 8, dqg wkh frqfdylw| uhvwulfwhg prgho1 Lq dgglwlrq/
wkh Prulvklpd hodvwlflwlhv ri vxevwlwxwlrq +PHV, duh fdofxodwhg iru vhohfwhg lqsxw
sdluv +vhh Wdeoh 9,19 Iru wkh frqfdylw| xquhvwulfwhg prgho/ rxw ri ￿f furvv0sulfh
hodvwlflwlhv rqo| ￿2 duh vljql￿fdqw dw wkh D shufhqw ohyho1 Iru wkh frqfdylw| uh0
S Prulvklpd hodvwlflwlhv ri vxevwlwxwlrq surylgh d phdvxuh ri fkdqjhv lq wkh lqsxw txdqwlw|
udwlr zlwk uhvshfw wr lqsxw sulfh udwlrv1
46vwulfwhg prgho wkh qxpehu ri vljql￿fdqw furvv0sulfh hodvwlflwlhv lv voljkwo| vpdoohu1
Wkh furvv sulfh hodvwlflwlhv ehwzhhq wkh wkuhh w|shv ri oderxu dqg wkh uhpdlqlqj
idfwruv duh jhqhudoo| txlwh vpdoo dqg riwhq qrw vljql￿fdqwo| gl￿huhqw iurp }hur1
Wklv phdqv wkdw wkh surgxfwlrq vwuxfwxuh lv udwkhu uljlg/ vlqfh lqsxwv fdqqrw eh
hdvlo| vxevwlwxwhg wkh rqh djdlqvw wkh rwkhu1
Wkh grplqdqw vxevwlwxwdelolw| uhodwlrqvkls frqfhuqv phglxp dqg xqvnloohg
oderxu1 Wkh ydoxh ri furvv0sulfh hodvwlflw| ri xqvnloohg zlwk uhvshfw wr phglxp0
vnloohg oderxu sulfh/ "XSVc lv f￿2.1 PHV hvwlpdwhv iru wkhvh idfwruv lv f￿e zkhq
wkh sulfh iru xqvnloohg oderxu fkdqjhv dqg f￿￿ zkhq wkh sulfh ri phglxp vnloohg
oderxu fkdqjhv +Wdeoh 9,1 Wkh uhvxow khuh lv frqvlvwhqw zlwk Vwhlqhu dqg Prku
+4<<;,/ zkr ￿qg wkdw wkh djjuhjdwh hodvwlflw| ri vxevwlwxwlrq ehwzhhq xqvnloohg
dqg phglxp vnloohg oderxu lv durxqg f￿￿1 Wkh furvv0sulfh hodvwlflwlhv dovr duh
qrw yhu| vhqvlwlyh zlwk uhvshfw wr fxuydwxuh frqglwlrqv1 Iru lqvwdqfh/ xvlqj wkh
frqfdylw| uhvwulfwhg prgho wkh furvv0sulfh hodvwlflw| ehwzhhq vnloohg dqg xqvnloohg
oderxu/ "XSVc voljkwo| ghfuhdvh iurp f￿2. wr f￿2￿1 Wkh vxevwlwxwlrq hodvwlflw| eh0
wzhhq kljk0vnloohg dqg xqvnloohg oderxu lv qrw vljql￿fdqw1 Vljql￿fdqw sdluzlvh
vxevwlwxwdelolw| uhodwlrqvklsv fdq dovr eh irxqg ehwzhhq hqhuj| dqg fdslwdo/ hq0
huj| dqg pdwhuldov/ dqg pdwhuldo dqg fdslwdo1 Wkh furvv0sulfh hodvwlflw| ehwzhhq
hqhuj| dqg fdslwdo lv vljql￿fdqwo| srvlwlyh lq doo lqgxvwulhv/ lqglfdwlqj wkdw wkh|
duh vxevwlwxwhv1 D vlplodu uhvxow lv dovr irxqg lq prvw rwkhu suhylrxv vwxglhv iru
wkh XV dqg Fdqdgd +vhh Wkrpsvrq dqg Wd|oru/ 4<<8,1
Vrph frpsohphqwdu| uhodwlrqvklsv fdq eh irxqg ehwzhhq hqhuj| dqg xqvnloohg
oderxu1 Krzhyhu/ wkh furvv0sulfh hodvwlflw| lv yhu| vpdoo lq devroxwh ydoxh/ zlwk
dq hvwlpdwh ri ￿f￿f￿H iru "XSH1 Wkh PHV ehwzhhq xqvnloohg oderxu dqg hqhuj|
lv forvh wr }hur/ zkhq wkh sulfh ri hqhuj| fkdqjhv dqg f￿2￿ zkhq wkh sulfh ri
xqvnloohg oderxu dgmxvwv1: Wxuqlqj wr fdslwdo0vnloo frpsohphqwdulw|/ zh ￿qg rqo|
olwwoh hylghqfh iru wklv dvvxpswlrq1 Hvwlpdwhv ri wkh furvv0sulfh hodvwlflwlhv eh0
wzhhq gl￿huhqw w|shv ri oderxu dqg fdslwdo gr qrw lqglfdwh wkdw xqvnloohg oderxu
lv pruh vxevwlwxwdeoh wr fdslwdo wkdq wkh xsshu vnloo ohyhov1
Jlyhq wkh vpdoo dqg riwhq lqvljql￿fdqw furvv0sulfh hodvwlflwlhv ehwzhhq oderxu
. D sdlu ri lqsxwv zklfk duh frpsohphqwv edvhg rq furvv0sulfh hodvwlflwlhv gr qrw qhfhvvdulo|
kdyh wr eh Prulvklpd frpsohphqwv1
47Wdeoh 8= Furvv sulfh hodvwlflwlhv +dw 4<<3 gdwd,d
frqfdylw| xquhvwulfwhg frqfdylw| uhvwulfwhg
ydoxh vlj1 fdv1 w0vwdw ydoxh vlj1 fdv1 w0vwdw
"HSK ￿f￿f f ￿fE ￿f￿S(￿f￿D￿ ￿f￿fff f E￿f￿2(￿f￿￿￿
"HSN f￿f￿f 2. E￿￿￿(e￿S￿ f￿f￿￿ 2. E￿￿￿(e￿H￿
"HSP f￿fDS 2. E2￿￿(￿￿f￿ f￿f￿e f Ef￿￿(f￿b￿
"HSV ￿f￿f ￿ ￿fE ￿f￿.(￿f￿D￿ f￿f￿￿ f E￿￿e(￿￿S￿
"HSX ￿f￿f e 22 .E ￿￿￿￿(￿2￿S￿ ￿f￿fef 2. E￿￿￿f(￿2￿D￿
"KSH ￿f￿f f 2fE ￿f￿S(￿f￿D￿ ￿f￿ff￿ f E￿f￿2(￿f￿￿￿
"KSN ￿f￿f ￿ ￿fE ￿￿￿￿(￿￿￿f￿ ￿f￿ffb f E￿f￿H(￿f￿.￿
"KSP f￿f￿e f Ef￿S(￿￿2￿ f￿ffb f Ef￿2(f￿.￿
"KSV f￿f￿H f Ef￿￿(f￿￿￿ ￿f￿feH f E￿f￿b(￿f￿H￿
"KSX f￿f￿￿ f Ef￿.(f￿.￿ f￿fD￿ f E￿￿2(￿￿￿￿
"NSH f￿f￿2 2. E￿￿H(e￿S￿ f￿f￿￿ 2. Ee￿2(e￿b￿
"NSK ￿f￿f f efE ￿￿￿￿(￿￿￿f￿ ￿f￿ff2 f E￿f￿H(￿f￿.￿
"NSP f￿fD2 2. E￿￿H(e￿e￿ f￿f￿D 2. E2￿D(￿￿f￿
"NSV ￿f￿f 2 ￿￿E ￿2￿￿(￿￿￿S￿ ￿f￿f￿￿ f E￿￿￿￿(￿￿￿f￿
"NSX ￿f￿f f .fE ￿f￿S(￿f￿2￿ f￿ffb f Ef￿S(f￿b￿
"PSH f￿ff￿ 2. E2￿2(2￿S￿ f￿ff￿ f Ef￿￿(f￿b￿
"PSK f￿ff￿ f Ef￿S(￿￿￿￿ f￿fff f Ef￿2(f￿.￿
"PSN f￿ff. 2. E￿￿H(e￿e￿ f￿ffD 2. E2￿D(￿￿￿￿
"PSV ￿f￿f ￿ .2 .E ￿e￿2(￿￿￿e￿ ￿f￿ff2 f E￿￿￿￿(￿f￿￿￿
"PSX f￿ff2 f Ef￿￿(￿￿￿￿ f￿ff￿ f Ef￿e(￿￿e￿
"VSH ￿f￿f f ￿fE ￿f￿.(￿f￿D￿ f￿ff. f E￿￿e(￿￿S￿
"VSK f￿ff2 f Ef￿￿(f￿￿￿ ￿f￿ff. f E￿f￿b(￿f￿H￿
"VSN ￿f￿f ￿ ￿￿E ￿2￿￿(￿￿￿S￿ ￿f￿ff. f E￿￿￿￿(￿￿￿f￿
"VSP ￿f￿f S S2 .E ￿e￿2(￿￿￿e￿ ￿f￿ffH f E￿￿￿￿(￿f￿￿￿
"VSX f￿￿￿￿ 2. Ee￿H(D￿￿￿ f￿￿￿. 2. Ee￿2(e￿e￿
"XSH ￿f￿f ￿ H2 .E ￿￿￿f(￿2￿S￿ ￿f￿f￿. 2. E￿2￿b(￿2￿D￿
"XSK f￿ffb f Ef￿.(f￿.￿ f￿f￿S f E￿￿2(￿￿￿￿
"XSN ￿f￿f f .fE ￿f￿S(￿f￿2￿ f￿f￿f f Ef￿S(f￿b￿
"XSP f￿f￿b f Ef￿￿(￿￿￿￿ f￿f2H f Ef￿e(￿￿e￿
"XSV f￿2.e 2. Ee￿.(D￿￿￿ f￿2￿e 2. Ee￿￿(e￿e￿
@ Plqlpxp dqg pd{lpxp |0ydoxhv lq sduhqwkhvhv1
48dqg qrq0oderxu lqsxwv/ qrqh ri wkhvh idfwru sulfh fkdqjhv pdnh d odujh frqwul0
exwlrq wrzdugv h{sodlqlqj wkh vkliw lq ghpdqg dzd| iurp xqvnloohg dqg wrzdugv
vnloohg oderxu1
Wdeoh 9= Prulvklpd hodvwlflwlhv ri vxevwlwxwlrq +dw 4<<3 gdwd,d







@ Vljql￿fdqw dw wkh 8 shufhqw ohyho lq doo fdvhv1
717 Rxwsxw hodvwlflwlhv dqg lpsdfw ri wlph
Wdeoh : suhvhqwv wlph dqg rxwsxw hodvwlflwlhv1; Doo hodvwlflwlhv duh hydoxdwhg xv0
lqj 4<<3 gdwd1 Wkhvh hodvwlflwlhv duh/ lq prvw fdvhv vljql￿fdqw dw wkh ￿yh shufhqw
ohyho1 Wkh rxwsxw hodvwlflw| iru gl￿huhqw w|shv ri oderxu lv lqfuhdvlqjo| srvl0
wlyh zlwk ulvlqj vnloo ohyhov +"K\ :" V\ :" X\,1 Wklv uhvxow khuh lv frqvlvwhqw
zlwk Ilw}hqehujhu dqg Iudq} +4<<;, zkr ￿qg wkdw rxwsxw fkdqjhv prqrwrqrxvo|
idyrxu ghpdqg iru kljkhu vnloo ohyhov1 Zkhuhdv/ kljk0vnloohg oderxu lv txlwh uh0
vsrqvlyh wr rxwsxw yduldwlrq/ wkh rxwsxw hodvwlflw| iru zrunhuv zlwkrxw dq| ghjuhh
lv udwkhu vpdoo E"X\ ’f ￿eH￿￿
Fdofxodwlrqv iru wkh lpsdfwv ri wlph duh dovr jlyhq lq Wdeoh :1 Iru jlyhq rxwsxw
dqg sulfhv/ xqvnloohg oderxu lv ghfuhdvlqj ryhu wlph/ e| dq dqqxdo udwh ri f￿bI1
Wkh wlph hodvwlflwlhv gr qrw ydu| pxfk ryhu wlph= wkh fruuhvsrqglqj ydoxh ri "Xw
iru 4<:; lv vlplodu￿ Krzhyhu/ wkh lqwhusuhwdwlrq ri wkh lpsdfwv ri wlph lv gholfdwh1
Lqghhg/ wkh| pd| slfn xs h￿hfwv rwkhuv wkdq whfkqlfdo surjuhvv/ vxfk dv fkdqjlqj
vnloo frpsrvlwlrq gxh wr vnloo0xsjudglqj1
Ilqdoo|/ hodvwlflwlhv djjuhjdwhg dfurvv oderxu lqsxwv +Wdeoh ;, duh frpsxwhg
H Jlyhq rxu wzr0vwhs hvwlpdwlrq surfhgxuh/ wkh rxwsxw hodvwlflwlhv dqg wkh lpsdfw ri wlph vwd|
doprvw xqd￿hfwhg e| wkh frqfdylw| uhvwulfwlrqv1
49Wdeoh := Rxwsxw dqg wlph hodvwlflwlhv +dw 4<<3 gdwd,d
ydoxh vlj1 fdvhv w0vwdw
Wlph hodvwlflwlhv
"Fw f￿fff ￿ E￿2￿￿(￿￿e￿
"Hw ￿f￿ff￿ 22 E￿D￿￿(f￿f￿
"Kw f￿ff2 2. ES￿￿(H￿￿￿
"Nw f￿fff e E￿2￿￿(￿￿￿￿
"Pw f￿ff2 2. E2￿f(￿￿2￿
"Vw ￿f￿ff2 22 E￿e￿.(￿f￿2￿
"Xw ￿f￿ffb 2. E￿￿2￿2(￿e￿2￿
Rxwsxw hodvwlflwlhve
"F\ f￿bfH 2e Ef￿f(￿e￿￿￿
"H\ f￿D.D 2. Ee￿b(￿f￿￿￿
"K\ f￿bfH 2. ED￿S(￿H￿2￿
"N\ f￿.￿S 2. E￿￿￿f(2f￿e￿
"P\ ￿￿fD2 2. E22￿D(H2￿e￿
"V\ f￿SDH 2. E￿e￿b(2S￿D￿
"X\ f￿e.D 2. ED￿H(.￿S￿
@Pd{lpxp dqg plqlpxp |0ydoxhv lq sduhqwkhvhv1
K|0vwdwlvwlfv iru wkh qxoo k|srwkhvlv wkdw "￿t ’￿+frqvwdqw uhwxuq wr
vfdoh, dqg "at ’firu a ’ .cMcgc￿c7cL￿
Wdeoh ;= Hodvwlflwlhv djjuhjdwhg dfurvv oderxu
frqfdylw| xquhvwulfwhg frqfdylw| uhvwulfwhg
vlj1 fdvhv 2 vlj1 fdvhv 2
ydoxh wrwdo fdvhv ydoxh wrwdo fdvhv
"OSH ￿f￿ff. 2.*H￿ f￿fff 2.*H￿
"OSN ￿f￿f￿f ￿*H￿ ￿f￿ff2 f*H￿
"OSO f￿fD2 ￿fH*2e￿ ￿f￿ff￿ ￿fH*2e￿
"OSP ￿f￿f￿S 2.*H￿ f￿ffe f*H￿
"HSO ￿f￿fDS 2.*H￿ ￿f￿ffH 2.*H￿
"NSO ￿f￿f￿￿ ￿*H￿ ￿f￿ffS f*H￿
"PSO ￿f￿f￿e 2.*H￿ f￿ff2 f*H￿
"Ow ￿f￿ffe eb*H￿ ￿f￿ffe eb*H￿
"O\ f￿S2S H￿*H￿ f￿S￿f H￿*H￿
4:dffruglqj wr wkh irupxodv ghulyhg lq vhfwlrq 5171 Wkuhh lpsruwdqw srlqwv vkrxog
eh uhpdunhg1 Iluvw/ vlqfh rqo| rqh rxw ri ￿D sulfh hodvwlflwlhv lv kljkhu wkdq f￿￿
+Wdeoh 8, wkh devroxwh ydoxh ri wkh djjuhjdwh sulfh hodvwlflwlhv duh udwkhu vpdoo1
Wklv xqghuolqhv wkdw vxevwlwxwlrq ehwzhhq lqsxwv lv olplwhg1 Wkh lpsrvlwlrq ri
frqfdylw| grhv qrw kdyh d juhdw lpsdfw rq wkh djjuhjdwh sulfh hodvwlflwlhv1 Vhfrqg/
wkh djjuhjdwh rzq sulfh hodvwlflw| lv qrw vljql￿fdqwo| gl￿huhqw iurp }hur1 Wklv lv
uhodwhg wr wkh idfw wkdw wkh pdlq vxevwlwxdelolw| uhodwlrqvklsv rffxu zlwklq wkh
gl￿huhqw w|shv ri oderxu udwkhu wkdq ehwzhhq oderxu dqg wkh uhpdlqlqj lqsxwv1
Wklug/ wkh qhjdwlyh furvv0sulfh hodvwlflw| ehwzhhq djjuhjdwh oderxu dqg hqhuj|
vxjjhvwv wkdw oderxu lv frpsohphqwdu| wr hqhuj|1
718 Ghfrpsrvlwlrq ri idfwru ghpdqg jurzwk
Wkh revhuyhg fkdqjh lq idfwru ghpdqg fdq eh h{sodlqhg e| idfwru vxevwlwxwlrq/
fkdqjhv lq rxwsxw dqg wkh uhvlgxdo wlph wuhqg1 Wkhvh h￿hfwv fdq eh vhsdudwhg
e| wrwdo gl￿huhqwldwlrq ri wkh oderxu ghpdqg htxdwlrqv dqg wkh iroorzlqj wudqv0
























n 0LwcU ’ Mc7cL￿
zkhuh {￿ Uw*￿ Uw ghqrwhv wkh suhglfwhg shufhqwdjh fkdqjh lq wkh wkuhh w|shv ri oderxu
+￿ Uw ’ h Mwc h 7wc h Lw,1 Iluvw/ djjuhjdwh fkdqjhv lq wkh h{rjhqrxv yduldeohv iru wkh
shulrg 4<:;0<3 duh frpsxwhg1 Vhfrqg/ zh xvh wkh hvwlpdwhg djjuhjdwh hodvwlflwlhv
dqg frpsxwh wkh fkdqjh lq idfwru ghpdqg wkdw zh zrxog h{shfw iurp fkdqjhv lq
wkh uljkw kdqg yduldeohv1 Wkh ￿uvw whup rq wkh uljkw vlgh phdvxuhv wkh sulfh dqg
vxevwlwxwlrq h￿hfw/ wkh vhfrqg whup wkh rxwsxw h￿hfw dqg wkh odvw whup ghqrwhv
wkh lpsdfw ri wlph1 Qrwh wkdw wkh deryh ghfrpsrvlwlrq lv edvhg rq ￿uvw rughu
dssur{lpdwlrq/ dqg lv rqo| suhflvh iru vpdoo {RMw dqg {tw1 Zkhuhdv d vhfrqg
rughu dssur{lpdwlrq zrxog eh pruh suhflvh/ wkh vhsdudwh lghqwl￿fdwlrq ri wkh
lpsdfw ri sulfh/ rxwsxw dqg wlph zrxog wkhq qr eh orqjhu srvvleoh1
Wkh uhvxowv ri wkh ghfrpsrvlwlrq dqdo|vlv dsshdu lq Wdeoh <1 Vlqfh wkh suh0
4;glfwlrqv edvhg rq frqfdylw| uhvwulfwhg hodvwlflwlhv duh txlwh vlplodu/ zh rqo| uh0
sruw suhglfwlrqv edvhg rq xquhvwulfwhg hodvwlflwlhv1 Froxpq wzr dqg wkuhh jlyh
wkh revhuyhg dqg suhglfwhg fkdqjh iru wkh wkuhh w|shv ri oderxu1 Wkh wkuhh ￿0
qdo froxpqv vkrz wkh ghfrpsrvlwlrq dqdo|vlv1 Dv fdq vhhq iurp Wdeoh </ wkh
suhglfwhg fkdqjh lv forvh wr wkh revhuyhg rqh h{fhsw iru xqvnloohg oderxu1 Iru
lqvwdqfh/ wkh lqfuhdvh lq wkh ohyho ri vhpl0vnloohg oderxu lv ￿￿￿ shufhqw zklfk lv
forvh wr wkh suhglfwlrq ri ￿￿￿ shufhqw1
Wdeoh <= Ghwhuplqdqwv ri hpsor|phqw e| vnloo fodvvhv +shufhqwdjhv,
dfwxdo suhglfwhg ( fkdqjh dwwulexwdeoh wr=d
fkdqjh fkdqjh Sulfh Rxwsxw Wlph
xqvnloohg oderxu ￿￿￿S ￿f￿￿ ￿f￿￿f ￿b ￿f￿b
vhpl0vnloohg oderxu ￿￿￿￿ ￿￿f ￿2￿ ￿e ￿f￿2
kljk0vnloohg oderxu e￿S2 ￿Sf ￿f2 ￿￿f ￿e
@ Dyhudjh jurzwk udwhv dqg hodvwlflwlhv ryhu wkh shulrg 4<:;04<<31 Lqvljql￿fdqw sulfh
hodvwlflwlhv duh qrw lqfoxghg1
Dv fdq vhhq lq Wdeoh </ sulfh h￿hfwv sod| d plqru uroh h{sodlqlqj wkh hpsor|0
phqw fkdqjhv ri wkh wkuhh w|shv ri oderxu1 Wklv vxjjhvwv wkdw zdjh frpsuhvvlrq
lv d yhu| vpdoo idfwru h{sodlqlqj wkh vkliw dzd| iurp xqvnloohg oderxu1 Lq frqwudvw/
iru doo w|shv ri oderxu h{fhsw xqvnloohg oderxu/ lw lv hylghqw iurp froxpq irxu dqg
￿yh wkdw rxwsxw lv wkh pdmru frqwulexwru wr wkh vkliw lq oderxu frpsrvlwlrq1 Lq
sduwlfxodu/ ;< ( ri wkh lqfuhdvlqj ghpdqg iru judgxdwhv fdq eh h{sodlqhg e|
rxwsxw jurzwk1 Wkh pdlq fdxvh ri wkh ghfolqh lq orz0vnloo oderxu ghpdqg lv wkh
wlph h￿hfw1
81 Frqfoxvlrq
Ghwhuplqdqwv ri idfwru ghpdqg zhuh hvwlpdwhg xvlqj frqfdylw| xquhvwulfwhg dqg
uhvwulfwhg prghov1 Lq sduwlfxodu/ zh lqyhvwljdwhg wkh uroh ri wkh vxevwlwxwlrq
h￿hfw rq wkh vkliw lq oderxu frpsrvlwlrq1 Zh xvh furvv0vhfwlrq wlph vhulhv iru 5:
pdqxidfwxulqj lqgxvwulhv iru wkh shulrg 4<:;04<<31 Hyhq wkrxjk sulfh frqfdylw|
lv uhmhfwhg/ wkh gl￿huhqw sulfh hodvwlflwlhv rewdlqhg iurp wkh uhvwulfwhg hvwlpdwhv
4<zhuh txlwh vlplodu iurp wkrvh ri wkh xquhvwulfwhg hvwlpdwhv1 Sdluzlvh vxevwlwxwlrq
grplqdwhv ehwzhhq phglxp dqg xqvnloohg oderxu/ hqhuj| dqg fdslwdo/ hqhuj| dqg
pdwhuldov dv zhoo dv pdwhuldov dqg fdslwdo1 Lq sduwlfxodu/ wkh vxevwlwxwdelolw| lv
vwurqjhu ehwzhhq vnloohg dqg xqvnloohg oderxu wkdq dq| rwkhu sdlu ri lqsxwv1 Vrph
frpsohphqwdulw| lv irxqg ehwzhhq hqhuj| dqg xqvnloohg oderxu1 Ixuwkhupruh/ wkh
ghpdqg iru xqvnloohg oderxu lv pruh sulfh0hodvwlf wkdq dq| rwkhu idfwru lqfoxghg
lq wkh prgho1 Krzhyhu/ wkh vxevwlwxwlrq sdwwhuq dv zhoo dv wkh sulfh h￿hfw gr qrw
h{sodlq revhuyhg fkdqjhv lq wkh gl￿huhqw w|shv ri oderxu1 Wkh grplqdqw idfwru
h{sodlqlqj wkh vkliw djdlqvw xqvnloohg oderxu dqg wrzdugv vnloohg oderxu lv wkh
rxwsxw h￿hfw zklfk lv lqfuhdvlqjo| srvlwlyh zlwk ulvlqj vnloov1
Wklv vwxg| lv uhvwulfwhg wr wkh pdqxidfwxulqj vhfwru1 Dv vxfk wkh uhvxowv dqg
lpsolfdwlrqv duh qrw qhfhvvdulo| wudqvihudeoh wr wkh ryhudoo hfrqrp|1 Ixuwkhu uh0
vhdufk qhhgv wr eh grqh lq wklv duhd1 Iluvw/ zh frxog h{sdqg wkh fryhudjh wr
pruh lqgxvwulhv1 Vhfrqg/ wkh glvwlqfwlrq ehwzhhq grphvwlf dqg lpsruwhg pdwhul0
dov frxog khos wr ghwhuplqh wkh h{dfw lpsdfw ri wudgh rq wkh hpsor|phqw ghpdqg
iru gl￿huhqw w|shv ri vnloov1
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dqg Lpsolfdwlrqv*/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 438/ ss157<05;61
^5‘ Ehqghu/ V1/ M1 Klo}hqghjhq/ J1 Urkzhu dqg K1 Uxgrosk/ 4<<9/ Glh LDE0Ehvfk￿i0
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^49‘ Kdphuphvk G1 V1/ 4<<6/ Oderu Ghpdqg/ Sulqfhwrq= Sulqfhwrq Xqlyhuvlw| Suhvv1
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^4<‘ Nxjohu S1/ X1 P oohu dqg J1 Vkhogrq/ 4<;</ cQrq0Qhxwudo Whfkqlfdo Fkdqjh/
Fdslwdo/ Zklwh0Froodu dqg Eoxh0Froodu Oderu*/ Hfrqrplfv Ohwwhuv/ 64/ ss1<40<71
54^53‘ Qlvvlp M1/ 4<;7/ cWkh Sulfh Uhvsrqvlyhqhvv ri wkh Ghpdqg iru Oderxu e| Vnloo=
Eulwlvk Phfkdqlfdo Hqjlqhhulqj 4<9604<:;*/ Hfrqrplf Mrxuqdo/ <7/ ss1;450;581
^54‘ Vqhhvvhqv K1 dqg I1 Vkdgpdq0Phkwd/ 4<<8/ cVnloo Ghpdqg dqg Idfwru Vxevwlwx0
wlrq*/ FHSU Glvfxvvlrq sdshu 45:</ Orqgrq1
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Dsshqgl{ D= Gdwd ghvfulswlrq
Zdjhv dqg hpsor|phqw iru gl￿huhqw vnloo jurxsv1 Lqirupdwlrq rq hduqlqjv
iru xqvnloohg dqg phglxp0vnloohg oderxu lv wdnhq iurp wkh LDEV/ d 4( udqgrp
vdpsoh ri doo shuvrqv fryhuhg e| wkh vrfldo vhfxulw| v|vwhp1 Wklv dprxqwv wr
533/333 lqglylgxdo zrunhuv iru hdfk |hdu ehwzhhq 4<:804<<31< Zdjhv duh phd0
vxuhg dv gdlo| jurvv zdjhv h{foxglqj hpsor|huv vrfldo vhfxulw| frqwulexwlrq1 Lq
wkh ￿uvw vwhs/ phgldq hduqlqjv duh fdofxodwhg e| hdfk pdqxidfwxulqj vhfwru dqg
vnloo jurxsv1 Wkh vdpsoh lv olplwhg wr ixoo0wlph zrunhuv1 Iru pdqxidfwxulqj
lqgxvwulhv ehwzhhq 99/<<8 dqg :7/:3; dqqxdo revhuydwlrqv zhuh xvhg wr fdofx0
odwh zdjhv1 Lq wkh vhfrqg vwhs wkh lqgxvwu| fodvvl￿fdwlrq edvhg rq wkh LDEV
lv pdwfkhg wrjhwkhu zlwk wkh wzr0gljlw qdwlrqdo dffrxqwv fodvvl￿fdwlrq1 Iroorz0
lqj Ehqghu hw do1 4<<9/ dqqxdo zdjhv duh fdofxodwhg e| pxowlso|lqj gdlo| zdjhv
zlwk wkh dyhudjh qxpehu ri fdohqgdu gd|v +’ ￿f, dqg wkhq e| pxowlso|lqj e|
451 Ilqdoo|/ qrq0zdjh oderxu frvwv phdvxuhg dv d shufhqwdjh ri jurvv zdjh duh
dgghg wr dqqxdo jurvv zdjh1 Rqh sureohp ri wkh LDEV lv d vwuxfwxudo euhdn lq
wkh gdwd +vhh Vwhlqhu dqg Zdjqhu 4<<:,= iurp 4<;7 rqzdugv/ pruh dqg pruh
lqfrph frpsrqhqwv duh dgghg wr oderxu hduqlqjv1 Krzhyhu/ frpsdulqj zdjhv
b Iru dssolfdwlrqv xvlqj LDE7 gdwd/ vhh Ehlvvlqjhu dqg Pøoohu +4<<;,/ Ilw}hqehujhu +4<<9,/
Ilw}hqehujhu dqg Iudq} +4<<;, dqg Vwhlqhu dqg Prku +4<<;,1
55gudzq iurp wkh zdjh dqg vdodu| vwdwlvwlfv zlwk LDEV gdwd zh ￿qg qr gl￿hu0
hqfhv ehwzhhq wkhvh wzr gdwd vrxufhv1 Vlqfh lq wkh LDEV gdwd/ prqwko| jurvv
hduqlqjv iru judgxdwhv duh fhqvruhg wr wkh uljkw zh wdnh hduqlqjv iru kljk0vnloohg
zrunhuv iurp wkh zdjh dqg vdodu| vwdwlvwlfv1 Wkh kljkhvw vnloo jurxs uhihuv wr
￿surihvvlrqdo dqg pdqdjhuldo zrunhuv￿ +fdwhjru| LL zklwh0froodu,1 Hduqlqjv iru
kljk0vnloohg oderxu duh frqyhuwhg lqwr oderxu frvwv e| dgglqj wkh hpsor|huv vrfldo
vhfxulw| frqwulexwlrq1
Oderu lqsxw e| hgxfdwlrq lv frqvwuxfwhg lq pxowlsoh vwhsv1 Iru dssur{lpdwho| DI
ri wkh hpsor|hhv/ wkh rffxsdwlrqdo ghjuhh lv qrw dydlodeoh +vhh Wdeoh ;,1 Lq wkh
￿uvw vwhs/ wzr wklugv ri wkhvh zrunhuv zhuh dgghg wr wkh xqvnloohg jurxs dqg rqh
wklug wr wkh vnloohg jurxs1 Lq d vhfrqg vwhs/ oderxu lv wudqviruphg wr ixoo0wlph
htxlydohqw hpsor|hhv1 Sduw0wlph zrunhuv dqg wudlqhhv duh zhljkwhg e| rqh kdoi143
Zh wkhq fkhfn wkh vxp ri wkh wkuhh gl￿huhqw w|shv ri oderxu frvwv djdlqvw wrwdo
oderxu frvwv rewdlqhg iurp wkh qdwlrqdo dffrxqwv1 Oderxu frvwv fdofxodwhg dw wkh
vhfwru ohyho fryhu ehwzhhq <30433 shufhqw ri wrwdo oderxu frvwv uhsruwhg lq wkh
qdwlrqdo dffrxqwv1 Ilqdoo|/ zdjhv duh wudqviruphg wr zdjh lqglfhv qrupdolvhg
wr xqlw| lq 4<:;1 Wkhvh wudqvirupdwlrqv jhqhudwh Rkqw/ Rvqw dqg Rxqw1 Wkh ￿qdo
oderxu lqsxw lv rewdlqhg e| glylglqj wrwdo oderxu frvwv e| wkh uhvshfwlyh zdjh
lqglfhv1
Lq erwk gdwd vrxufhv/ dqqxdo dyhudjh zrunlqj krxuv duh qrw dydlodeoh iru wkh
wkuhh vnloo jurxsv1 Iru dvvhvvlqj wkh vwdelolw| ri rxu uhvxowv zlwk uhvshfw wr wkh
phdvxuh ri wkh oderxu txdqwlw| dqg sulfh lqglfhv +qxpehu ri zrunhuv yhuvxv pdq0
krxuv,/ zh dovr xvh gdwd iurp wkh Jhupdq plfurfhqvxv/ zklfk uhsruwv dyhudjh
krxuv zrunhg shu zhhn iru hyhu| wzr |hduv1 Dowhuqdwlyh oderxu lqsxw dqg oderxu
frvwv duh fdofxodwhg xvlqj lqwhusrodwhg gdwd iru zrunlqj krxuv1 Krzhyhu/ vlqfh
wkh hodvwlflwlhv duh qrw vhqvlwlyh wr fkdqjhv lq wkh gh￿qlwlrq ri hpsor|phqw zh
glg qrw xvh pdq0krxuv1
Hqhuj| dqg qrq0hqhuj| pdwhuldov1 Gdwd rq hqhuj| duh qrw dydlodeoh lq wkh
Qdwlrqdo dffrxqwv1 Krzhyhu/ hqhuj| h{shqglwxuhv dqg txdqwlwlhv +phdvxuhg lq
￿f Vlqfh zdjhv ri dssuhqwlfhv gr qrw qhfhvvdulo| uh hfw wkhlu pdujlqdo surgxfwlylw|/ wkh| vkrxog
dfwxdoo| eh h{foxghg1 Zh vwloo lqfoxghg dssuhqwlfhv lq wkh wkh jurxs +ru fdwhjru|, ri xqvnloohg
oderxu dv hvwlpdwlrq uhvxowv suryhg wr eh qrw vhqvlwlyh dq|zd|1
56whudmrxoh, edvhg rq wkh lqsxw0rxwsxw fodvvl￿fdwlrq kdyh ehhq surylghg e| wkh
Ihghudo Vwdwlvwlfdo R!fh144 Zh xvh wklv lqirupdwlrq iru vsolwwlqj xs jurvv pd0
whuldov lqwr qrq0hqhuj| pdwhuldov dqg hqhuj|1 Wkh gdwd iurp wkh wzr vrxufhv
+lqsxw0rxwsxw wdeohv dqg qdwlrqdo dffrxqwv, duh/ krzhyhu/ qrw gluhfwo| frpsdud0
eoh145 Iru wklv uhdvrq wkh iroorzlqj dgmxvwphqwv kdyh ehhq pdgh wr pdnh hqhuj|
























c| ’. H c￿￿￿cbf￿
Wkh dvvxpswlrq xqghuo|lqj wklv dssur{lpdwlrq lv wkdw wkh rxwsxw glvfuhsdqflhv
ehwzhhq wkh wzr vrxufhv gr qrw fkdqjh ryhu wkh shulrg146 Hqhuj| gh dwruv RLR
hq>w
duh ghulyhg e| glylglqj hqhuj| h{shqglwxuhv ERhe￿
LR
qw e| dq lqglfh iru hqhuj|
txdqwlwlhv eLR
qw +dovr edvhg rq wkh lqsxw0rxwsxw fodvvl￿fdwlrq,1 RLR
hq>w lv qrupdol}hg
wr rqh lq 4<:;/ dqg lv dvvxphg wr eh lghqwlfdo zlwk RQD
hq>w￿ Ilqdoo|/ wkh txdqwlw|
lqgh{ iru hqhuj| eQD










Qrq0hqhuj| pdwhuldo h{shqglwxuhv +uhvshfwlyho| txdqwlwlhv, duh fdofxodwhg e| vxe0
wudfwlqj hqhuj| h{shqglwxuhv iurp pdwhuldo h{shqglwxuhv +uhvshfwlyho| txdqwl0
wlhv,1 Wkh gh dwru iru qrq0hqhuj| pdwhuldov lv fdofxodwhg e| glylglqj qrq0hqhuj|
pdwhuldo h{shqglwxuhv e| wkhlu uhvshfwlyh txdqwlwlhv1
￿￿ Dqqxdo hqhuj| gdwd edvhg rq Lqsxw0Rxwsxw fodvvl￿fdwlrq 4<:;04<<3/ xqsxeolvkhg gdwd1
￿2 Wkhuh duh wkuhh pdlq gl￿huhqfhv ehwzhhq wkh qdwlrqdo dffrxqwv dqg lqsxw0rxwsxw frqfhswv1
Lq wkh qdwlrqdo dffrxqwv/ rxwsxw grhv qrw lqfoxgh lqwud0￿up wudgh1 Ixuwkhupruh/ lq wkh qd0
wlrqdo dffrxqwv/ rxwsxw ri wudgh lv suhvhqwhg rq d jurvv edvlv lqfoxglqj wkh ydoxh ri phufkdq0
glvh1 Wkh pdlq gl￿huhqfh ehwzhhq wkh wzr vrxufhv/ lv wkdw wkh vhfwrudo euhdngrzq lq wkh
qdwlrqdo dffrxqwv lv pdlqo| edvhg rq lqvwlwxwlrqdo xqlwv +hvwdeolvkphqw frqfhsw,1 Ilupv duh
fodvvl￿hg lqwr d jlyhq lqgxvwu| dffruglqj wr wkhlu pdlq dfwlylw|1 Lq frqwudvw/ dffruglqj wr wkh
lqsxw0rxwsxw frqfhsw/ rxwsxwv duh eurnhq grzq e| frpprglw| jurxsv1




?c.H duh qhjoljleoh iru 59 rxw ri 64 lqgxvwulhv1
Rqo| iru shwurohxp surfhvvlqj/ lurq dqg Vwhho/ Irxqgu|/ R!fh dqg Gdwd surfhvvlqj/ sulqwlqj
dqg sxeolvklqj vrph glvfuhshqflhv zhuh revhuyhg1
57Xvhu frvwv ri fdslwdo1 Wkh xvhu frvwv ri fdslwdo duh frpsxwhg xvlqj wkh lqyhvw0
phqw sulfh R7nqwc wkh qrplqdo lqwhuhvw udwh ow dqg wkh ghsuhfldwlrq udwh Bqw=
Rnqw ’ E￿ n ow￿R7nqw ￿ E￿ ￿ Bqw￿R7nqw.4￿
Wkh ghsuhfldwlrq udwh lv fdofxodwhg dv Bqw ’￿￿ E&qw ￿ {&qw￿*&qw￿4c zkhuh {&qw
ghqrwhv jurvv lqyhvwphqw dw frqvwdqw sulfhv1 Dqqxdo lqwhuhvw udwhv duh gudzq
iurp wkh Ghxwvfkh Exqghvedqn +orqj0whup lqwhuhvw udwh iru sxeolf vhfwru erqgv,1
Dsshqgl{ E= Ghvfulswlyh vwdwlvwlfv
58Wdeoh D4= Oderxu e| gl￿huhqw w|shv ri vnloov +4<<3,=
wrwdo zrunhuv/ wkv
Qr vhfwru qdwlrqdo vrfldo
dffrxqwv vhfxulw| vw1
￿e Fkhplfdo surgxfwv Se￿ Seb
￿D Shwurohxp surfhvvlqj 2S 2e
￿S V|qwkhwlf pdwhuldo ￿￿2 ￿fD
￿. Uxeehu ￿￿. ￿￿f
￿H Vwrqh dqg hduwk surgxfwv ￿.b ￿H2
￿b Ilqh fhudplfv D￿ DD
2f Jodvv .￿ .￿
2￿ Lurq dqg vwhho 2f￿ 2fe
22 Qrq0ihuurxv phwdov .S .H
2￿ Irxqgu| ￿fS ￿￿￿
2e Ideulfdwhg Phwdov 2.S 2S2
2D Vwhho/ oljkw phwdo dqg wudfnhg yhklfohv ￿HD ￿b.
2S Pdfklqhu| ￿￿bS ￿2e￿
2. R!fh dqg gdwd surfhvvlqj ￿f￿ He
2H Yhklfohv dqg uhsdluv ￿f￿b ￿fDS
2b Vklsexloglqj ￿S ￿.
￿f Dlufudiw dqg vsdfhfudiw SS SS
￿￿ Hohfwulfdo pdfklqhu| ￿222 ￿￿2￿
￿2 Suhflvlrq dqg rswlfdo lqvwuxphqwv 2￿D 22f
￿￿ Phwdo surgxfwv ￿.2 ￿H￿
￿e Pxvlfdo lqvwuxphqwv SH D2
￿D Zrrg eS e￿
￿S Zrrg surfhvvlqj ￿￿H ￿fD
￿. Sxos/ sdshu dqg erdug surgxfwv DH SS
￿H Sdshu dqg duwlfohv ri sdshu ￿￿f ￿fb
￿b Sulqwlqj dqg gxsolfdwlqj 2eS 2￿D
ef Wh{wloh DD S.
e￿ Ohdwkhu 2￿f 2￿D
e2 Forwklqj 2f￿ ￿HS
e￿*ee Irrg dqg ehyhudjhv .e2 SHS
eD Wredffr ￿S ￿D
Vrxufh= Ihghudo Oderxu Vwdwlvwlfv/ LDEV/ rzq fdofxodwlrqv1
59frpsrvlwlrq lq ( dssuhqwl0 sduw0wlph lq (
K V X ghjuhh q1d1 flhv lq ( K V X
vrfldo vhfxulw| vwdwlvwlfv LDEV
b￿eS ￿ ￿e2 S ￿f￿ ￿2e ￿2￿ ￿￿e ￿￿S ￿H
￿￿￿fS b ￿b￿ S ￿.2 ￿D2 ￿Sf ￿fD ￿eH ￿￿
2￿Se b ￿De ￿ ￿HS ￿￿￿ ￿￿￿ ￿D￿ ￿￿e ￿D
￿￿be . ￿2e e ￿￿e ￿.2 ￿.f ￿fe ￿￿￿ ￿e
2￿bD H ￿￿￿ ￿ ￿D. ￿2￿ ￿ee ￿.e ￿e￿ ￿f
2￿He 2 ￿2D ￿ ￿b￿ ￿fe ￿Df ￿fS ￿e. ￿H
￿￿eD ￿ ￿be ￿ ￿￿￿ ￿.￿ ￿ef ￿f2 ￿e￿ ￿S
￿￿DD S ￿H￿ ￿ ￿.S ￿fe ￿Df ￿f￿ ￿2￿ ￿f
￿￿.D . ￿2￿ S ￿D2 ￿Se ￿2f ￿f2 ￿e2 ￿￿
￿￿He H ￿De e ￿He ￿b￿ ￿Hf ￿f2 ￿￿￿ ￿S
￿￿.D ￿ ￿2￿ b ￿eD ￿.e ￿Hf ￿ff ￿e￿ ￿2
e￿￿. f ￿f2 ￿ ￿2e ￿.S ￿2f ￿f2 ￿e￿ ￿f
D￿D. f ￿￿2 ￿ ￿H2 ￿￿S ￿Sf ￿￿2 ￿￿e ￿￿
￿.￿eD ￿ ￿￿2 2 ￿.S ￿He ￿ef ￿fe ￿￿. ￿.
e￿fS 2 ￿S￿ f ￿2￿ ￿22 ￿Hf ￿H￿ ￿.2 ￿D
D￿2. f ￿b￿ H ￿fS ￿fb ￿ff ￿f￿ ￿2￿ ￿D
2￿￿bS D ￿2￿ 2 ￿.f ￿￿￿ ￿￿f ￿f￿ ￿f￿ ￿H
￿f￿2D e ￿f￿ 2 ￿￿￿ ￿.e ￿￿￿ ￿f￿ ￿.S ￿.
e￿SS 2 ￿S2 b ￿S￿ ￿2. ￿.2 ￿2e ￿￿S ￿f
2￿2D e ￿￿￿ b ￿ee ￿2￿ ￿.2 ￿D2 ￿.￿ ￿b
￿￿￿D e ￿2￿ H ￿2S ￿D￿ ￿Sf ￿fS ￿D￿ 2 ￿￿
￿￿￿e . ￿￿e S ￿.e ￿b2 ￿b. ￿￿￿ ￿b2 ￿e
￿￿￿S ￿ ￿￿￿ ￿ ￿￿e ￿Db ￿2f ￿f￿ ￿f￿ ￿b
￿￿SD D ￿D￿ H ￿.2 ￿22 ￿ef ￿fD ￿￿S ￿S
￿￿be . ￿￿e e ￿.S ￿2￿ ￿￿f ￿f￿ ￿￿e ￿2
￿￿.S S ￿￿2 D ￿eS ￿HD ￿Sf ￿fS ￿￿￿ ￿ ￿￿
f￿be D ￿Se H ￿DD ￿fe ￿2f ￿fb ￿.H ￿￿
￿￿He ￿ ￿He H ￿SD ￿H￿ ￿ef ￿fH ￿2￿ ￿￿
f￿.D e ￿b￿ H ￿￿S ￿2D ￿.f ￿f￿ f ￿H￿ e ￿S
￿￿eS f ￿f￿ 2 ￿￿S ￿￿￿ D ￿ff ￿fD ￿SD ￿D
D￿DD S ￿f￿ D ￿e￿ ￿￿￿ ￿￿f ￿f2 ￿eb ￿e
5:Wdeoh D5= Frvw0vkduhv +vhfwru qxpehu lq sduhqwkhvhv,
|hdu H K N P X V
Fkhplfdo .H b￿e2 ￿2b ￿2D b ￿S. ￿￿￿ 2 ￿D
Surgxfwv +47, He ￿￿￿.2 ￿eH ￿2D . ￿HD ￿.￿ 2 ￿2
bf H￿f￿ ￿Sb ￿HD H ￿SD ￿2￿ e ￿H
Shwurohxp .H ..￿2f ￿￿S ￿￿￿ ￿ ￿ef ￿H￿ ￿b
Surfhvvlqj +48, He .S￿.f ￿￿￿ ￿.￿ . ￿Hf ￿￿￿ ￿2
bf eb￿Sf ￿e￿ ￿be ￿ ￿bf ￿￿￿ ￿H
V|qwkhwlf .H 2￿ef ￿b. ￿2D H ￿D￿ D ￿f￿ S ￿f
Pdwhuldo +49, He 2￿.￿ ￿f. ￿eS ￿ ￿H￿ ￿ ￿2￿ ￿ ￿b
bf 2￿D￿ ￿eH ￿eS 2 ￿S￿ f ￿e￿ e ￿.
.H e￿f￿ ￿2H ￿SD S ￿e￿ D ￿S￿ e ￿2
Uxeehu +4:, He e￿e￿ ￿eH ￿DD H ￿b￿ ￿ ￿e￿ ￿ ￿e
bf ￿￿f2 ￿￿H ￿bD b ￿D￿ 2 ￿￿￿ e ￿D
Vwrqh dqg .H b￿Hf ￿H￿ 2 ￿fD ￿ ￿b￿ f ￿H￿ e ￿.
Hduwk Surgxfwv +4;, He ￿￿￿￿f ￿b￿ ￿ ￿.D 2 ￿bH ￿b￿ e ￿e
bf .￿b￿ ￿2￿ ￿ ￿SD D ￿HH ￿2￿ D ￿2
.H H￿e￿ ￿.b ￿S￿ 2 ￿f2 H ￿D￿ b ￿b
Ilqh Fhudplfv +4<, He ￿f￿f2 ￿f￿ f ￿b￿ ￿ ￿H2 e ￿f￿ b ￿￿
bf S￿f2 ￿S￿ ￿ ￿￿￿ H ￿￿2 ￿ ￿D2 f ￿￿
.H ￿f￿￿￿ ￿2￿ f ￿De S ￿e￿ S ￿.￿ D ￿￿
Jodvv +53, He ￿D￿S￿ ￿2￿ 2 ￿fe e ￿D￿ 2 ￿S￿ e ￿￿
bf H￿2￿ ￿.￿ ￿ ￿￿D ￿ ￿D￿ f ￿S￿ e ￿b
Lurq dqg Vwhho .H S￿H￿ ￿f￿ ￿ ￿.D H ￿2b ￿.￿ 2 ￿S
+54, He H￿￿￿ ￿f￿ 2 ￿HD H ￿b. ￿H￿ ￿ ￿￿
bf .￿f￿ ￿￿￿ ￿ ￿2D H ￿DH ￿f￿ e ￿f
Qrq0Ihuurxv .H .￿ef ￿S. ￿fS H ￿b. ￿SH ￿D
Phwdov +55, He .￿Sf ￿SS ￿2. 2 ￿HD ￿￿. ￿D
bf S￿2f ￿H. ￿￿. ￿ ￿￿D ￿2b ￿e
.H D￿D￿ ￿fb ￿￿e e ￿￿2 f ￿22 f ￿f
Irxqgu| +56, He .￿.￿ ￿fb ￿De . ￿f￿ S ￿S￿ H ￿2
bf D￿f￿ ￿￿b ￿De . ￿2￿ . ￿e￿ b ￿.
5;frqwlqxhg Wdeoh D5
|hdu H K N P X V
Ideulfdwhg .H 2￿.f ￿S. ￿fS f ￿e￿ e ￿f￿ D ￿e
Phwdo +57, He ￿￿￿f ￿.. ￿.D b ￿￿￿ 2 ￿H￿ S ￿e
bf 2￿Sf ￿b. ￿eD H ￿H￿ 2 ￿f￿ H ￿￿
Vwhho/ Oljkw Phwdo .H ￿￿D￿ ￿ee ￿fS e ￿H. ￿.2 f ￿.
dqg Wudfnhg Yhklfohv He 2￿￿2 ￿￿D ￿.D S ￿bH ￿￿2 D ￿￿
+58, bf ￿￿22 ￿￿D ￿￿D b ￿bS ￿b2 e ￿D
.H ￿￿e2 ￿2D ￿.D . ￿DH ￿H2 e ￿e
Pdfklqhu| +59, He ￿￿.2 ￿SS ￿DD . ￿2. ￿.2 e ￿￿
bf ￿￿2￿ ￿￿S ￿DD . ￿bS ￿D2 e ￿H
R!fh dqg .H ￿￿.S ￿S￿ S ￿￿D ￿ ￿2S ￿H￿ D ￿e
Gdwd Surfhvvlqj +5:, He ￿￿.D ￿D￿ ￿ ￿￿S e ￿b￿ ￿b￿ f ￿b
bf ￿￿.D ￿H￿ ￿ ￿DS S ￿￿￿ ￿S￿ ￿ ￿e
Yhklfohv .H ￿￿.f ￿bD ￿bS e ￿eH ￿S￿ H ￿D
dqg Uhsdluv +5;, He ￿￿H￿ ￿￿. ￿HS e ￿fb ￿e￿ D ￿S
bf ￿￿￿￿ ￿S. ￿.S S ￿.. ￿2￿ D ￿S
.H ￿￿S￿ ￿HS ￿.D D ￿.b ￿￿2 e ￿b
Vklsexloglqj +5<, He ￿￿S￿ ￿H. ￿HS f ￿e. ￿S2 f ￿.
bf ￿￿￿2 ￿￿S ￿.S e ￿SD ￿e￿ b ￿H
Dlufudiw dqg .H ￿￿eb ￿bD ￿￿D ￿ ￿￿S ￿S2 D ￿b
Vsdfhfudiw +63, He ￿￿eb ￿￿. ￿2D e ￿He ￿.2 2 ￿S
bf ￿￿f￿ f ￿e. ￿￿D H ￿S￿ ￿￿￿ b ￿D
Hohfwulfdo .H ￿￿D￿ ￿bD ￿bD . ￿e￿ 2 ￿￿￿ b ￿f
Pdfklqhu| +64, He ￿￿He ￿bS ￿bD b ￿fb ￿D￿ . ￿H
bf ￿￿2D ￿.. ￿.S f ￿fH ￿f￿ . ￿e
Suhflvlrq dqg .H ￿￿S￿ ￿bD ￿￿D 2 ￿￿￿ e ￿D2 e ￿.
Rswlfdo Lqvwuxphqwv He ￿￿H2 ￿eS ￿SD 2 ￿e￿ ￿ ￿S2 D ￿2
+65, bf ￿￿￿￿ ￿e. ￿2D ￿ ￿fb ￿S2 D ￿D
Phwdo Surgxfwv .H 2￿￿f ￿HS ￿SD S ￿b￿ e ￿b￿ H ￿S
+66, He 2￿D￿ ￿f. ￿DD H ￿S￿ 2 ￿D￿ . ￿b
bf ￿￿b￿ ￿2. ￿.D b ￿S￿ ￿ ￿2￿ H ￿￿
Pxvlfdo .H ￿￿bf ￿eS ￿DS e ￿S￿ ￿ ￿S￿ D ￿￿
Lqvwuxphqwv He 2￿ff ￿DH ￿SS ￿ ￿￿￿ f ￿2￿ D ￿S
+67, bf ￿￿Hf ￿Sb ￿SS D ￿￿H ￿￿￿ e ￿S
5<frqwlqxhg Wdeoh D5
|hdu H K N P X V
Zrrg .H e￿Hf ￿2b ￿DS S ￿S￿ f ￿DH ￿￿
+68, He D￿2f ￿￿￿ f ￿2S D ￿￿b ￿eb ￿H
bf e￿￿f ￿e￿ f ￿eS S ￿fH ￿b￿ f ￿￿
Zrrg .H 2￿ff ￿eD ￿bS f ￿b￿ 2 ￿S￿ H ￿￿
Surfhvvlqj +69, He 2￿ef ￿D. ￿￿D b ￿S￿ ￿ ￿￿￿ b ￿f
bf ￿￿Hf ￿SS ￿2S ￿ ￿Db ￿b2 f ￿f
Sxos/ Sdshu .H ￿￿￿D￿ ￿f￿ 2 ￿2D S ￿SH ￿.b ￿b
dqg Erdug He ￿￿￿.￿ ￿f￿ f ￿SS f ￿SS ￿￿H ￿￿
+6:, bf ￿￿￿2￿ ￿￿￿ ￿ ￿DD b ￿DD ￿2b ￿￿
Sdshu dqg .H 2￿ff ￿DH ￿￿S e ￿2￿ ￿ ￿￿￿ 2 ￿2
Duwlfohv ri Sdshu +6;, He 2￿Sf ￿DH ￿.S . ￿f￿ f ￿D￿ f ￿.
bf ￿￿.f ￿.H ￿SS b ￿DH ￿.￿ f ￿b
Sulqwlqj dqg .H ￿￿Df ￿HH ￿bD f ￿￿￿ f ￿f2 H ￿H
Gxsolfdwlqj +6<, He ￿￿bf ￿b￿ f ￿eD ￿ ￿2H ￿H2 S ￿H
bf ￿￿S￿ ￿f￿ f ￿￿D 2 ￿eH ￿.2 S ￿2
Ohdwkhu .H ￿￿Df ￿2S ￿HS ￿ ￿b￿ . ￿e￿ 2 ￿2
+73, He ￿￿.f ￿￿S ￿bS e ￿D￿ D ￿f￿ ￿ ￿D
bf ￿￿￿f ￿D. ￿eS D ￿e￿ 2 ￿e￿ ￿ ￿￿
Wh{wlohv .H ￿￿2f ￿SH ￿bD b ￿S￿ D ￿￿￿ 2 ￿S
+74, He e￿￿f ￿.b ￿￿S ￿ ￿f￿ ￿ ￿￿￿ ￿ ￿H
bf ￿￿ef ￿bb ￿HS ￿ ￿D￿ ￿ ￿H￿ 2 ￿.
Forwklqj .H ￿￿￿f ￿￿￿ ￿bS H ￿D￿ 2 ￿S￿ ￿ ￿S
+75, He ￿￿ef ￿￿e ￿e. f ￿￿￿ f ￿2￿ ￿ ￿￿
bf ￿￿ff ￿ee ￿￿. ￿ ￿.. ￿b￿ 2 ￿.
Irrg dqg .H 2￿Sf ￿2D ￿b. H ￿.e ￿.. ￿H
Ehyhudjhv He ￿￿￿f ￿￿S ￿D. H ￿fe ￿.. ￿e
+76277, bf 2￿ef ￿e. ￿D. S ￿De ￿SH ￿S
.H ￿￿Sf ￿Hf ￿H. b ￿.S ￿D￿ f ￿.
Wredffr +78, He ￿￿S￿ ￿f￿ ￿DH 2 ￿fD ￿eH ￿D
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Iljxuh 4= Fkdqjhv lq txdqwlwlhv dqg sulfhv/ wrwdo pdqxidfwxulqj/ 4<:;0<3
64Dsshqgl{ F= Ixuwkhu hvwlpdwhv
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Revhuydwlrqv 2. ￿ ￿￿ ￿ S
@ |0vwdwlvwlf edvhg rq khwhurfhgdvwlflw| frqvlvwhqw vwdqgdug huuruv1 Frh!flhqwv rq
lqgxvwu| gxpplhv duh qrw uhsruwhg1
K Orj0olnholkrrg udwlr whvw vwdwlvwlf iru wkh Qxoo k|srwkhvlv wkdw doo gxpp| ydul0
deohv duh lghqwlfdo1 Wkh qxpehu ri ghjuhhv ri iuhhgrp lv lq sduhqwkhvhv1
65